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STAINLESS STEEL 
FOR SUBSTITUTIONS 


If your production is threatened by the short supply 
critical materials stainless steel may be your answ: 
Several types of stainless steel are in good supply, and 
are competitive in price with other materials. Lat: 
N. P. A. directives have made certain types of stainl 


steels obtainable without restrictions. 


Our engineering department will be glad to consult 
with you to see if you can fabricate stainless with you: 
existing tools. You may choose to save money by using 
lighter gauge material and take advantage of the : 


perior strength of stainless. 


For complete technical information and advice, contac! 
the Sharon district office nearest you, or write direct | 


Sharon Steel Corporation, Sharon, Pennsylvania. 
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Bring your switch design problems 
to Mallory... and save two ways 


YOU SAVE TIME AND MONEY when you call on Mallory to handle your switch 
design and production requirements. Mallory has the engineering personnel 
and facilities to turn out quality switches in quantity . . . in the shortest pos- 
sible time. A wide variety of tools and parts— built up during vears of switch 
making—often makes it possible to produce switches for special applications 


without the expense usually involved when vou start from scratch 


TAKE A LOOK at the four switches shown here. They are examples of the 
diversified range of switches Mallory is prepared to produce—examples of 
versatile Mallory design in which dependability of performance and reasonable 
cost are the primary aims. It will pay you to bring vour switeh design and 


production problems to Mallory. Call or write today. 


TRANSMISSION SWITCH. Mallory produced this switch to help make 
possible easy changing of truck gear speed ratios. Large contact are: 
was provided to overcome serious arcing problem caused by 
inductive DC load. Wedge shaped contact. helps maintain 


pressure despite vibration 


VOLTAGE CHANGE SWITCH. Simplified design, dependable per 

formance and lower cost are features of this switch that connects 
electric motor field windings in parallel for 110 volt operation, or in 
series for 220 volt operation. Constant contact tension and maximum 
electrical conductivity are insured by stator contacts of silver-plated 


nze. Rugged construction withstands motor vibration 


POWER SUPPLY SWITCH. Iwo double-pole switches do the work of 
four single pole switches in this Mallory-designed switeh for use with 
obile communications equipment. Assembled from standard parts, 


sIn ple E ligt ter an l more ¢ ompa« E. 


TRANSFER SWITCH. For use on airplane fuel tank booster pumps, Mallory 
I «witcl vit? |) unique design to lengthen contact life 
ny-loaded contact arm insures uniform co 


e-istanee 


Special Switches, Television Tuners, Controls and Resistors 


———— E i 
P.R. MALLORY & CO. Inc. | SERVING INDUSTRY WITH 
Y | Electromechanical Products— Resistors * Switches « TV Tuners * Vibrators 


ALLOR 


MALLORY & CO., INC., INDIANAPOLIS 6, INDIANA 


* 
Electrochemical Products— Capacitors + Rectifiers Mercury Dry Batteries 
Metallurgical Products — Contacts * Special Metals « Welding Materials 


For information on titanium developments contact Mallory-Sharon Titanium Corp., Niles, Ohio. 
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NONMETALLIC MATERIALS 


DOMESTIC MICA is now being converted by G.E. 
into a high grade product, Micamat, that has a 
uniform dielectric strength of 600v per mil. Trick 
is to pulversize the natural mica and treat it so 
that the particles cohere. A special machine 
then rolls the mass into sheets 0.006 in. thick. 


HEAT SEALERS on machines that automatically 
assembly cardboard containers must retain a 
uniform degree of slipperiness at the heated 
C aW areas; otherwise the folding and 
Ez A | | gluing cycle is upset. Toprevent 
z4 VaN binding between carton and heater, 
| /.. the Package Machinery Co. near 

É Springfield, Mass., sprays Teflon 

on the heater surfaces. 


PRESHAPED SECTIONS of glass fabric honey- 
comb are simplifying the assembly of aircraft 
rodomes. California Reinforced Plastics Co., 
Berkeley 10, Calif. precurves the Hexcel ma- 
terial toavoid the buckling that would otherwise 
occur and then cuts the piece to final form. 


LUBRICATING GREASES containing silica jel 
have an affinity for moisture. Two Canadians 
have received U.S. Patents 2,583,603-7 which 
cover a method for waterproofing the silica gel 
with various alkyd resin components. 


SOME "POTTING" MATERIALS are subject to 
excessive shrinkage when cast around electronic 
d components. The B. G. Forman 

Til Co. of Brooklyn, N.Y. reports the 
^ e "m Polyform G series solve this 


A formula, the amount of shrinkage 
" D) can be regulated from a negligible 


value to a desired small amount as determined 
by the requirements of different assemblies. 


LONGER LIFE will be the key property of both 
natural and synthetic rubber when it is made ac- 
cording to Monsanto Chemical's new patent No. 
2,582,695. Special additions prevent deteriora- 
tion caused by heat, light, oxygen and flexing. 
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tions mentioned in the items below, confusion can be avoided by 
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PLASTIC AUTOMOBILE BODY developedby U.S 
Rubber's Naugatuck Chemical Div. and the 
Glasspar Co. of Costa Mesa, Calif. is molded as 
a single, 185-lb piece from Vibrin polyester and 
layers of glassfiber. Rust-proot and dirt-resis- 
tant, 0.2-in. thick molding costs about $650 and 
fits a 100-in. wheelbase chassis. 


INSULATING TAPE made from Teflon by Min- 
nesota Mining and Manufacturing Co. is stable 
from -100 to *500 F and meets Class B and H re- 
quirements. Two layers of 3-mil film give di- 
electric protection at a 5,000-v level; resist 
most solvents and electrical varnishes. 


METALLIC MATERIALS 


DYED ANODIC FILMS applied to super- pure al- 
uminum will take a very high luster if two to five 
percent of magnesium is added. Tests made by 
the Aluminum Development Association, London 
W1, reveal the alloy reacts more favorably to 
polishing and brightening than do less pure alloys. 


NICKEL CONTENT of nickel-silver alloy used 
in the many small flat springs of electromagnetic 
ac. ^^, apparatus canbe reduced from 18 
HE P acd, to 12 percent without sacrifice in 
V EQ mechanical properties. ASTM 

= WEF Committee B-5 has designated the 
uw | —- 12-percent alloy as No, 8 in their 
Li Specification B 122. 


COBALT-60 is now produced as a series of 19 
radiographic sources in strengths from 50 mil- 
licuries to 25 curies. Tracerlab, Inc. of Boston 
reports the gamma energies emitted are 1.17 
and 1.33 million electron volts, or the equiva- 
lent of a two-million volt X-ray machine. 
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SPRAYED ZINC OR ALUMINUM is being used as 
a priming coat for paint on the steel hulls and ex- 
posed parts of tuna clippers. Clark Metalizing Co. 
of Newport Beach, Calif., finds this trick of pre- 
venting galvanic action as successful as is the 
government in its practice of hanging sticks of 
magnesium next to the hulls of warships. 


continued on page 7 
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Mighty Midgets in Plastics 


For the newest important develo 


the. plastics. front, look to thí 
miniaturization program underway 
electronics 
Working in this case 
sources of RCA, the 

i 


tense miniaturization in size, and 


and communicatior 
through the 
program call 
reduction 
in weight, of physi al con ponents Idea, of 
lightest, as- 


course, Is to produce smallest, 


semblies possible with greatly improved 


efficiency for a scope of use impossible 
| | 


1 1 
with unwieldy old 


equipment 
What a made-to-order 
And for 


insulator coll €. 


a moulde I ' 


here actual 17 
that in some instances 
to final dimension 


Insert 


as thir 


Kurz-Kasch, Inc. * 


Branch Sales Offices: New 


Chicago, Harrison 7-5473 * 


1427 South Broadway * 


York, Lexington 2-6677 * 
Detroit, Trinity 3.7050 * 


machine plated parts with exacting thread 
fits assembled to microscopic dimensions. 
Materials are low-loss mica-filled phenolics. 

J he rt y 


Wizh such necessary precision, commercial 


a production story here, too! 


production was at first thought to be im- 
possible, Within three weeks, we produced 
experimental tooling and a production 
method using compression and plunger 
techniques along with a combination of the 
two. And then, carefully analyzing our 
experimental program, we designed and 
duction tooling—and are now 
roduction quotas and rigid in- 
with commercial moulding 

We can’t offer you a better recommen- 
dation. For small parts—or large ones—we 


can put lots of experience at your disposal. 


Dayton 1, Ohio 


Rochester, Hillside 4352 
Philadelphia, Granite 2-7484 


Dallas, Logan 1970 * Los Angeles, Richmond 7.5384 * St. Louis, Delmar 9577 * Toronto, 
Riverdale 3511 * Export Office: 89 Brocd Street, New York City, Bowling Green 9-7751. 
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THE TS4140 STEELS are being used as substi- 
tutes. In some instances this change is practical, 
but if brittleness cannot be tolerated, itisbetter 
to substitute with boron-treated grades. 


RIGID SPECIFICATIONS imposed by Briton's 
Aircraft Ministry for highly stressed powerplant 
—— . on castings are met by Z5Z magnesi- 
g (jj um-basealloy. In addition to 4.5 
- "- percent zinc is 0.6 percent zirco- 


pe nium, which is known to reduce 
NA porosity through grain refine- 
XY ment, Exceptinextralarge cast- 
ings, the Z5Zalloy exhibits uniformly good pro- 
perties throughout a single casting. 
PROCESSES 


FURNACE BRAZING of stainless steel is difficult 
because of scale andflux removal problems. Re- 
searchers at Armco Steel Corp., Middletown, 
Ohio, have solvedthese problems by plating Type 
302 18-8 stainless with 0.2 to 0.3 mils of iron. 
Oxidation is thus prevented so that copper braz- 
ing at 2, 150 F is possible. 


NORMAL TOLERANCES without machining are 
achieved on light-metal castings by a semi- 
forging process in which oversize castings are 
sized or coined in precision dies. In this proc- 
ess usedby the Germans for guided missile parts, 
the castings become slightly wrought and reduc- 
tions up to 30 percent produce high ductility. 


A 31-POUND OIL PAN is being mass-produced 
in permanent molds at the Continental Motors 
Corp., Detroit. The aluminum alloy casting 
measures approximately 38 by 14 by 14 inches. 
Six toten pounds of metal per casting are saved 
and production for two men ic 80 per 8-hr shift. 


COLD HEADERS are used by Ford Motor Co. to 
— 12,500 copper alloy commutator seg- 
, ments in a single hour. Finished 
(ifs parts are automatically separated 
, tromscraponavibrating transfer 
chute and a pair of inclined out- 
ward-revolving rolls Scrap drops 
through between the rolls while 
the finished parts continue on and drop into a 
hopper at the end of the rolls. 







iN mg 


LICENSES can now be obtained from the Alumi- 
num Company of America, Pittsburgh, for the 
application of anodic oxide coatings. These fin- 
ishes cannot be chipped or flaked because they 
become an integral part of the parent metal. 
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ROLLING AND SLICING is a description for GE's 
method of producing stator blades for jet engine 


compressors. Instead of being 
| hammered froma single piece of 
- stainless steel, blades are first 
rolled in long strips to the pro- 
= perair-foil shape and then cut to 
= exact length during assembly. 





AN ELECTRONIC "HAMMER" may be a practical 
means for work-hardening some metals. North 
American Aviation's Statitron bombards a target 
and rearranges its structural pattern. 


IMPROVED TECHNIQUE for applying a zinc 
coating to aluminum is assigned to the Philadel- 
phia Rust-Proof Co. in U.S. patent 2,580,773. 
The aluminum is cleaned and then dipped in a so- 
lution containing water-soluble zinc sulphate and 
hydrofluoric acid. Similar method is used for 
applying cadmium and tin to aluminum. 


COMPONENTS 


t 
AIR CONDITIONED CARS will be defying all cli- 
mates in the near future, according to a spokes- 
man of the Chrysler Corp. He predicted that 
auto refrigeration systems will utilize mechani- 
cal vapor compression, with condenser, evapor- 
ator and other essential units located in the trunk. 


LATEST TREND in TV tubes is represented in 
RCA's 17-in. all-glass rectangular tubes with 

Yay cylindrical faceplates that reduce 
^ reflections in the vertical plane. 
/* The Filterglass plates also im- 
prove picture contrast by mini- 
mizing ambiant light reflections 
from the phosphor screen. 





TINY MAGNETIC HEAD 3/8-in. in dia and 1 in. 
long permits an increase in the number of heads 
spaced around the drumin memory storage sys- 
tems. Ferrite core is non-abrasive for protec- 
tion of drum coatings. Computer Research Corp. 
of Hawthorne, Calif. rates the head at 13.8 mh 
inductance, 1l ohms d-c resistance, 50 ma writ- 
ing current and 0.4 play back voltage. 


OIL MIST PRECIPITATOR made by Trion, Inc. 
of McKees Rocks, Pa., saves lubricants and re- 
duces hazards in high speed cutting and grinding 
operations. The mist is charged as it passes 
through an electrostatic field and attracted to 
plates of opposite polarity. It then drains into a 
collecting pan for reuse. 


cortinited on page 9 
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Seaife- 


research 


The pressure vessels and deep-drawn shapes being made today 
in the Scaife factory are better because of scientific research in 
Scaife Laboratories. For example, the development of the new 
Scaife Dura-Lite LP-Gas Cylinder included a complete study of 
the deep-drawing process, using half-size parts made on the 
research department press shown above. This procedure, 
supplemented by complete metallurgical, physical, chemical 
and specialized studies, permits accurate evaluation of various 
materials, drawing methods and 
processing procedure. The result 
is a better, more serviceable prod- 
uct designed and made on sound 


engineering principles. 


SCAIFE 
CoMPANY 


OAKMONT (Pittsburgh District), PENNA. 


Makers of Pressure Vessels 
for Air, Gases and Liquids 


Here is the “big brother” of the 
press shown at the top of the page. 
Full-size cylinder-half has been 
formed in one stroke of the press 
(see right) and is being removed 
for processing and assembly. 


Starting with a 
circular sheet of 
steel— 


a cup is formed by 
a conventional 
drawing opera- 
tion. 


A continuation of 
this pressing op- 
eration turns the 
cup “inside out" 
without removing 
it from the dies, 


completing—in a 
single stroke — 
the deep-drawn 
shape, which be- 
comes a cylinder- 
half. Shown below 
is the complete 
cylinder, a stand- 
ard container for 
liquefied petro- 
leum gas. Similar 
Scaife cylinders 
are used for freon, 
acetylene and 
other materials. 


dp 
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SELF-FEEDING GREASE CUP tells at a glance 
when a moving part needs to be relubricated. A 
stationary piston at the end of tub- 
ing screwed into bearing housing 
fitsacylinder that acts as a res- 
) ervoir. Spring pressure, plus 
bearing vacuum, assures contin- 
uous grease supply by moving cyl- 
inder downward. Manufacturer is the A. L. 
Watson Co., Milton 87, Massachusetts. 





SMALL LUBRICATING PUMP developed for oil 
burners has anti-friction rollers where vanes are 
generally used. Milwaukee Hydropower's Magna- 
Mite has acapacity of 1 1/2 down to 1/4 gpmand 
a speed range from 300 to 3,600 rpm, yet is only 
3 in. in diameter and 6 in. long. 


TESTING 


CORRECT MEASUREMENT of air temperature 
outside an airplane moving at 500 mph is made 
with a vortex thermometer perfected at the Of- 
fice of Naval Research. Atube extending axially 
in the air-stream contains a spiral vane which 
produces a vortex of whirling air. The cooling 
effect of the low-pressure vortex center cancels 
the heating effect of compression, regardless of 
plane speed. Thus, a thermometer placed in the 
vortex will always give a correct reading. 


POCKET-SIZE CALCULATOR does the job of a 
high-priced electric desk machine, according to 
Curta Calculator Co., 5543 S. Ashland Ave., 
Chicago. The Swiss-designed midget adds, sub- 
tracts, multiplies and divides; figures square 
roots, factors, cubes and percentages. Not only 
that, it carries results to five decimal places. 
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Aircraft designers have long recognized the advantages of high pressure 
pneumatics as a source of power for actuating airplane emergency equip 
ment but the possibilities have never been fully exploited. There has been 
no compressor available that would meet the weight size requirements 
of air-borne equipment and still deliver a sufficient quantity of air 

The center of interest in this month's cover is the new high pressure 
air compressor that Walter Kidde and Company Inc. of Belleville, New 
Jersey have developed to fill this need. This compressor weighs only 
15 Ib, yet will deliver 4 cfm at 3,000 psi. It is currently used on the 
Republic F-84 where air pressure is used to actuate the machine gun 
chargers, and emergency nose brakes and wing flaps. 

Inspecting the compressor after its final run on the test stand are 
Albertus Schmidlin, chief project engineer on pneumatics and John Kapp 
(standing), in charge of their compressor development testing laboratory 


EXHAUST SYSTEMS donot have tobe hammered 
to locate corroded spots when the Magne-Probe 
is used. A bridge circuit measures the induct- 
ance of acoil for which the core is the metal be- 
ing tested. Inductance is proportional to the 
permeability of the core and thus a measure of 
the heat corrosion in the metal. 


A COMPUTING SECTION has been set up at Bat- 
telle Memorial Institute, Columbus, Ohio. One 
battery of digital computers has already been in- 
stalled, and another of the same type is being 
built. The aim of the laboratory is to reduce or 
replace time-consuming pencil-and-paper work 
that is partof basic research conducted for var- 
ious sponsors. 


IMPACT RECORDER gives indication of the 
time, direction and severity of jolts occurring 


» within an object on a tape moving 
ae 
f 


atone inch per hour. The Impact- 

O-Graph is expected to be of prac- 

7 tical value for determining the 

wo f right type of container needed to 
- protect a product during transit. 
DUAL-HEAD TEST STAND checks various ac- 
cessories like generators, pumps and compres- 
Sors, twoatatime. Continuous-duty horsepower 
is from 7.5 to 50; intermittent duty, from 10 to 
T$ hp. Type VEU-GSDT test unit has a high-speed 
shaft range from 1,950 to 10,800 rpm, and a low 
speed shaft range from 1,070 to 5,900 prm. The 


maker, U.S. Electrical Motors Inc., Los Angeles 
54, Calif., supplies adapters tofit all mountings. 






A PREFORM MOLDING LABORATORY has been 
setupin Milwaukee by Pittsburgh Plate Glassto 
expedite developmental work and customer prob- 
lems pertaining to Selectron polyester resins. 
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Kodacbrome by Sidney Karson, McGraw-Hill Studios 
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AMERICAN SCREW COMPANY @ ATLANTIC SCREW WORKS, INC. 
THE BLAKE & JOHNSON CO. @ CAMCAR SCREW & MFG. CORP. @ CENTRAL SCREW CO. 
CONTINENTAL SCREW CO. @ THE EAGLE LOCK CO. @ ELCO TOOL AND SCREW CORP. 
GREAT LAKES SCREW CORP. @ THE H. M. HARPER CO. @ THE LAMSON & SESSIONS CO. 
NATIONAL LOCK CO. @ THE NATIONAL SCREW & MFG. CO. @ PARKER-KALON CORP. 
PHEOLL MANUFACTURING CO. @ ROCKFORD SCREW PRODUCTS CO. 
SCOVILL MANUFACTURING CO. @ SHAKEPROOF, INC. 
THE SOUTHINGTON HDWE. MFG. CO. è STERLING BOLT CO. 
STRONGHOLD SCREW PRODUCTS, INC. @ WALES-BEECH CORP. 


INSWER: Phillips Cross-Recessed-Head Screws—a clue that more than 
15 million readers of The SATURDAY EVENING POST are being told to 


look for. When you assemble your product with these famous fasteners, 
PERFECTLY 
MATED! " 
Only Phillips vou save time, work, and money when you use Phillips Wood, Machine, 
Drivers ore per s à d — p ! [ . d 
fectly mated to Tapping Screws or “Sems”. They start faster, do away with driver skids, 
Phillips Screws ! 1 1 ! j ' i xo] 1 : : l 
Look for the damaged parts, split screw heads. They set up tighter, resist vibration . . . anc 
name Phillips 1] 


on the shank add structural strength. Include Phillips Screws in your specifications. 


you give it an extra mark of quality that registers on sight! Remember, too, 


X marks ffe spot... the mark of extra qualify 


PHILLIPS Crsskecesset Head SCREWS 


As Advertised in 


FASTENERS oF . E FUTURE 
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JA / DESIGN AND 


DEVELOPMENT 


ENGINEERS The Office of Salary Stabilization is trying to end job-hopping and 
SALARIES pirating of engineers, stemming from the shortage. There are no govern- 
ment manpower restrictions as there were during World War II. So OSS 
Director Joseph D. Copper is exploring the possibility that the undesirable 
practices can be discouraged, if not completely wiped out, through suit- 
able salary-control regulations and cracking down on violators. 
First OSStarget is the engineering firms. A questionnaire is going 
out to them soon asking for information on compensation and employment | 




















practices before Korea and today. This survey will be followed by a 
similar questionnaire to large companies that employ engineers. The De- 
fense Production Act requires employers to supply the information. 

From the answers, OSS hopes to get clues to violators as well as a 
picture of what the situationis. This will be helpful in drafting a special 
regulation covering compensation of engineers. 

Mobilizer Wilson and the Atomic Energy Commission are reported 
to be particularly upset about the practices of scme engineering firms, 
and will cooperate in the OSS project. 

There have been complaints of some engineering firms hiring engi- 
neers from industrial employers and then selling back their services, 
sometimes to the same employer. This enables the engineer to increase 


nie etlin QM tt tinnAanel 
i ' 


his earnings and the employer to keep the engineer's services. "es 
Accelerated promotions of young engineers and bidding above stabi- i. 
lized salary levels for recent college graduates are other complained of «1 
practices. Some companies have told stabilization officials that the price rom | 
of engineering college graduates is at least $50.00 a month above what 75 
most companies are allowed to bid. This situation is being examined 2 


also by the Wage Stabilization Board. 


























THE BIG Some of the questions that will be asked by OSS are: | 
QUESTIONS 1 Entrance salaries (highest and lowest) of engineers hired within six | 
months of graduation in the six months before Korea, the last half of 
1951, and the first two months of 1952. | 
2 Number of engineers employed and the highest and lowest salaries 
paid them in each of the three periods. 
3 List any individual increases granted in excess of the ten percent 
"catchup" and six percent "merit" formulas. | 
4 Describe any bonus plans in effect, including the date when instituted | 
and any modification since the freeze date of January 25, 1951. Also 
state, for 1950 and 1951, the number of engineers receiving bonuses, | 
the total amount paid in bonuses and the largest bonus paid to any one 
engineer. 
5 List and describe compensation paid to engineers other than salary | 
or bonus, such as commissions, expense or per diem accounts, travel 
allowances and subsistence. 
6 State how many engineers were, in 1951, assigned to industrial or 
other concerns under contract to perform functions normally performed 
by engineers in the employ of the concerns. 
7 State how many engineer employees your firm has lost in the past year 
through "pirating." 






continued on 1 
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hy HANNA ELECTRIC VALVE 


PROVIDES FOR JIG GRINDER 
RECIPROCATING ACTION 


Monually controll 
feed rote volve 


JiG GRINDER developed 
by the Moore Spec ial 
Tool Company of 
Bridgeport, Conn., for 
precision contour and 
hole grinding. 


sensitive valve 


[HE SCHEMATIC DIAGRAM above shows the circuit 
used in the Moore Jig Grinder. Power to raise and 
lower the grinding head is supplied by two Air 
Cylinders controlled by a Hanna 4-way, double- 
solenoid valve. This valve, actuated by limit switches, 
provides the exacting cylinder control necessary for 
automatic reciprocating movement 

A Hanna Electric Valve was chosen for this appli- 
cation because of its careful manufacture and unusual 
features. Among these is the tiller principle of opera- 
tion. This principle involves a short movement of a 
low mass resulting in maximum speed of operation 


with minimum shock. The time required for each 


Hanna Electric Valve.. 


action... solenoid stroke only 


relays, etc.. 
heavy-duty solenoids 


balanced spool type.. 
trolled by solenoid pilot valve and built-in pilot pistons 

spools stop against Neoprene cushions for silent 
3"... low current consump- 
tion enables use of lighter, more economical contactors, 
, available with either single or double 


reversal of the valve is limited to approximately 1. 60 
second, and its feature of momentary contact (double 
solenoid models) eliminates the necessity for a hold- 
ing current providing an ideal valve for limit switch 


actuation. 


The Hanna Electric Valve is precision-engineerex 
capable of meeting the most exacting demands. It 
is an example of the quality characteristic of the com- 
plete Hanna line of valves and cylinders. For the 
finest component parts in the machines you design 
and build, products 


measure up to your highest standards 


specify Hanna they will 


W si 
. con b^ 


~ For more detailed 
information on Hanna 
Electric Valves and 
Hanna Hand, Foot and 
Jj Pilot Operated Valves, 
send for Catalog 254. 


|a] 


€ Hanna Engineering Works 


HYDRAULIC AND PNEUMATIC EQUIPMENT - «- CYLINDERS... VALVES . - » RIVETERS 
1763 Elston Avenue, Chicago 22, Illinois 
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MATERIALS Decontrol of metals is gaining support. Controllers believe CMP 
DECONTROL can end by January. They're beginning to talk about the technique for 
putting government control in reverse. 
Some metals will be kept under tight rationing - such as copper, 
tungsten, nickel and cobalt. But other key metals, including steel and 
aluminum, will be turned loose, one by one. Chrome steel is already 
decontrolled, but nickel steel will be tightly controlled for a long time. | 
There's talk of freeing tinplate, terne-plate and cold rolled strip, 
All this results from the arms stretchout. Military's peak spending 
plans - now changed - prompted the military and civilian producers to 
lay in big inventories. These now loom large alongside the lower sperd- 
ing plans Truman's budget calls for. 


SPECIFIC You can see an indication of this trend in a quick survey of avail- 
MATERIALS ability of materials: 
Tin: Resumption of U.S. buying has eased the supply picture. Tin 
is still rated critically short, but the prospect of further imports has 
temporarily halted plans for additional conservation rules. These plans r 
will be permanently discarded if the government signs additional pur- 
chase agreements with foreign producers over the next few months. 
Magnesium: Stillonthe "short supply" list, butnot among the most 
critical. Itisineasier supply than aluminum and production is increas- c 
ing rapidly. Last year it was about 96 million pounds. It is expected to 
hit 215 millions pounds this year. The first continuous rolling mill for a 
magnesium now being built is expected to make wider and cheaper sheet 
than is now available. E 
Cast iron: Grayironcasting overthree thousand pounds are scarce ) 
but light and intermediate weights are in good supply. ‘<= | 
Ceramics: NPA'S stee) alloy experts are cooling off on the idea of > 
using ceramic-coated metal in jet engines to relieve the shortage of -3 
heat-resistant alloys. They say the problem caused by expansion of the 
base metal hasn't been solved. They are pinning their hopes now to -- 
metal ceramics along the line of German developments in World War II. 47 
Rubber: Synthetic and natural are both in easy supply. Increased - 
export quotas of synthetic indicate that U.S. users are getting all they 2» 
need. When the government restored a free market in natural rubber c 
March 3, the price was less than half what it was nine months before. — 
Supplies were plentiful at 34 to 32 cents per pound. | 


‘UN » irá AT 6H 










FABRICATING Only shortages of fabricating capacity Washington seems to have * | 
CAPACITY heard about are: | 
Steel: Hot-rolled and cold-finished bars; heavy plate rolling; seam- | 
less tubes; heavy structural shapes. | 
Some new facilities are being built to offset some of these situations. 
But, in the main, they are being handled by shifts in mill rolling sched- | 
ules and the like, because the shortage is definitely a temporary thing. | 
Very large-type equipment is involved, and it would be two years before | 
new plants could be built. By that time, we'll be over the hump on all | 
shapes and forms that now are short. 
Aluminum: There was some shortage of extrusion capacity needed 
for aircraft production some time back. But now no one is certain 
whether there still is a shortage. The aircraft program has been dras- | 
tically curtailed, with the result that we may have ample fabricating | 
facilities of all types. | 
There may be shortages elsewhere, but on such items as copper, 
nickel, zinc and the like you can't say for sure where we would stand on | 
















fabricating if we could get all the metal we need. 
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pin Weight 


How SPEED NUTS made important weight 
savings attaching plexiglas panels 
in Kaman Helicopter. 


Let the engineers at Kaman Aircraft Corp., Windsor 
Locks, Conn., tell you how Flat-Type SPEED 
NUTS performed for them. "We found that light- 
weight SPEED NUTS provide a large bearing sur- 
face which eliminates the need for flat washers under 


nut. They reduce the weight up to .31 pounds per 


hundred when replacing other lock nuts, not including 
savings on weight of washers. 

“Only one part to handle in assembly means faster, 
easier attachments. SPEED NUTS are retained in 


TO SAVE MORE LIVES 


screw-receiving position by finger-tip pressure—no 
wrench needed to pull down NUTS. These advantages 
add up to savings of approximately .15 man-hours per 
hundred fasteners." 

If you would like to hear similar savings reports 
from your engineers, specify SPEED NUTS. Your 
Tinnerman representative can help you determine 
the right fastener for the job. Call him in soon. And 
write for your copy of "Savings Stories" Vol. II, 
Tinnerman Products. Inc., Dept. 12, Box 6688, 
Cleveland 1, Ohio. /n Canada: Dominion Fasteners 
Ltd., Hamilton. Jn Great Britain: Simmonds Aero- 
cessories, Ltd., Treforest, Wales. In France: Aero- 
cessoires Simmonds, S. A.—7 rue Henri Barbusse, 
Levallois (Seine) France. 


Upper ple xiglas panel is attache d to 
frame in HTK-1 Helicopter by means 
of Flat-Type SPEED NUTS and 
machine screws. Detail of vibration 


proof assembly i hown below 
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Putting the Lid on Supply and Demand | 









THERE ARE MANY ARGUMENTS pro and con on tl laries and 


i | £ g 

1 justification of "salary stabilization Perhaps tl ngineering P , 

, strongest argument against salary stabilization is that on One tion wo 

t 

" wages are not being stabilized, that wage earner salaries - 

: } t } mer tat +} $ } KI 

y have union representation that has been highly su Es | 
r 

- ssful in unstabilizing the wage scales, and that l l -L) | 

: 1 A noth rr 


i 


J 
1 tv 
i is 


salary workers have no effective unions. The opposit 


i L1! en n r$ WO 1 e t 1 ird it f f 
irgument ts that 1f there were no salary stabilizatios e 
: E. 3 ; i : supply and demand tah ire of | X { 
salaries would skyrocket out of bounds if as i E 






the engineering profession there is a short 


} reason for salary contro ind it [« ( — 


ilified workers idl Sone ) 



















The Office of Salary Stabilization has not been 


ible to control completely the salaries of engineers ii EN ecu sc E ENT -3 


» 
, 
p 
: 


iow O Of 4 ) 
1 4 ` 
In some quarters much ado is being made over the bian ar aa a a »- 

, | me 
fact that recent college engineering graduates ar == 
being paid as much as 30 percent more in their firs iz 
ob as compared with the pre-Korea figures. How Finally, th empts of O.5.5. to "e 

t I : 200 
ever, this apparent increase is more than offset by > In engi salaries in diff 7 
the higher cost of à college education plus highe: geog " 3 -t | 
living costs. To amortize the cost of a college educa i ilary st zation of rvii | 
] . 1 t > TY | f 
tion over a period of about 13 years requires monthly O make an | 
~ 1 - t oe * i 
payments of $50, or at least $60 a month befor ut a 







taxes. This figure should be deducted when judging attracted tO it 11 [ neet € 


the a lequa y of an engineer's salary 







Some companies, particularly en 


ire becoming “notorious” because they are paying 













higher than "stabilized" rates to engineers. This ee oe If; 





statement may be in error because some of th 






firms claim that the Office of Salary Stabilizatio: 


has never issued definite salary scales, w 





According to a recent report from Washingtor 


; : : 
O.S.S. is going to do something about these higl 
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New Departure operates 






guns-and-butter plants 




















— 


Bui bearings are essential to the products 
of our industrial might 


U. S. Army Photo 
[he ball bearings that serve millions of automobiles, 
trucks, tractors, farm implements, electric motors and industrial 
machinery are of the same materials, the same heat treatment, the 
same methods of precision manufacture as those required for mechanized 
warfare and electronic instruments. Thus conversion from one 
to the other at New Departure is largelv a matter of 


changing the emphasis on types and sizes 


The productive capacities of the world's largest ball bearing 
f g 
factories are vour assurance of the best possible 


production of your requirements. 





New Departure’s engineers and vast resources 


New Departure’s plant at San 


for research are freely at your disposal dusky, Ohio, where ball bearings 
are produced for beth industry 
and the Armed Forces. 


NEW DEPARTURE E 
ro 

iin E om 
liek. BALL BEARINGS cai 

ing 

NEW DEPARTURE * DIVISION OF GENERAL MOTORS * BRISTOL, CONNECTICUT - 5 


45^? 
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BASIC TYPES. OF 
NEEDLE BEARINGS 








Drawn shell bearing 





t San 


'arings 
idustry 


P. R. GLAZIER 


Ihe Torrington Company 


l'O DETERMINE WHICH TYPE of needle 
roller bearing should be 
given application, various questions 
must be answered. Is the housing 
and/or shaft hardened? How larg 
an the over-all diameter of the bear- 
ing be? Can the rollers be retained 
4 ixially? Is assembly a problem? How 
s lubrication to be provided ? 


used in a 


APRIL, 
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hardened shell 


and the 
has ma 


races an 


Machined race bearing 


Key Factors in Selecting 


Needle Bearings 


Though needle roller bearings are ly. Fig 

manufactured in many forms, there ar onstr 

three basic classifications into which also demonstrat 
those in common use fall. The bas f needle roller 
types ar The loose roller bearing ills for rol 
which has no integral races or ely 10 pe 
ing members; the dr rawn- hell bea: | of leng 
ing, which consists of a drawn «as roller diameter 


that retain hen rollers to-pitch-dian 
machine-race bearing, which however 

hined, hardened and ground peeds a í 

d the rollers in unit assen is low as 24 


Good pr DO 


Wł 


ILIKKA ANnNII 
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$ i -— 1 
ing is to be used for high rotational 


} 


speeds, the ratio should be kept high 
For oscillating particularly 


heavy loads, lower ratio should be used 


Loose Needle Roller Bearing 


motion 


The loose-needle roller bearing 
t ' - 
should be used only when the shaft 
and outer race bore are hardened and 
where there are retaining members for 
locating the rollers endwise. The re- 
taining surfaces smooth, 


hard and unbroken, and both should 


be fixed to the same race 


should be 


to avoid cross 


retainment. In applications meeting 
these conditions and where roller as 
sembly is not difficult, unretained 
needle rollers constitute a bearing 
that is in xpensive, small in section 


ind, at the same time, of high ¢ apa ity 
As there are many different types of 
loose roller ippli ations, it is necessary 


to manufacture needle rollers with 

lifferent types ol ends. The main 

types are shown in Fig. 2. The spheri 

il end is most commonly used where 

no lij retainment 15 required When 

the roller must retained by a lij 
Spherical 





Fig. 2— Shape of needle roller ends is de 
termined by type of retainment 

he on í ynical en 
should be 1. To r a fillet, su 
is a crank] fill eit] the crank 
pin or | ill en an 1. Flat en 
ire used when the roller is to be lij 
guided. Also when the roller is larg 
| diameter and is short, the flat en 
is used to obtain maximum effect 
leneth onseq ly maxim 

d AL y 

To obta he num capacity of 


ibly, the hard 


Table I—Needle Bearing Constants 








N(ce)* 


X 


0.00140 
0.00143 
0.00147 
0.00150 
0.00153 
0.00156 
0.00159 
0.00162 
0.00165 
0.00169 
0.00172 
0.00175 
0.00178 
0.00182 
0.00185 
0.00188 





Ní(ec)* 


(K — 0): 


0.00010 
0.00010 
0.00010 
0.00010 
0.00010 
0.00010 
0.00010 
0.00010 
0.00010: 
0.00010‘ 
0.000106 
0.000106 
0.000106 
0.000106 
0.000106 
0.000106 
0.00010 
0.000105 
0.000105 
0.000105 
0.000105 
0.000105 
0.000105 
0.000105 
0.000105 
0.000105 
0.000105 
0.000105 
0.000105 
0.000104 
0.000104 
0.000104 
0.000104 
0.000104 
0.000104 
0.000104 
0.000104 
0.000104 


N K K -1 N(ce)* N(cc)* N K K -1 
* (K — Dr 

6 2.00000 1.00000 0.000191 0.000191 44 14.01754 13.01754 

7 2.30477 1.30477 0.000223 0.000171 45 14.33559 13.33559 

x 2.61313 1.61313 0.000254 0.000157 46 14.65365 13.65365 

9 2.92380 1.92380 0.000286 0.000149 47 14.97171 13.97171 
10 3.23607 2.23607 0.000318 0.000143 48 15.28979 14.28979 
11 3.54947 2.54947 0.000350 0.000137 49 15.60788 14.60788 
12 3.86370 2.86370 0.000382 0.000133 50 15.92597 14.92597 
13 4.17858 3.17858 0.000414 0.000130 51 16.24408  15.24408 
14 4.49395 3.49395 0.000445 0.000128 52 16.56219  15.56219 
15 4.80973 3.80973 0.000477 0.000126 53 16.88031 15.88031 
16 5.12583 4.12583 0.000509 0.000123 54 17.19844 16.19844 
17 5.44219 4.44219 0.000541 0.000122 55 17.51657 16.51657 
18 5.75877 4.75877 0.000573 0.000121 56 17.83471 16.83471 
19 6.07553 5.07553 0.000605 0.000119 57 18.15286 17.15286 
20 6.39245 5.39245 0.000636 0.000118 58 18.47101 17.47101 
21 6.70951 5.70951 0.000669 0.000117 59 18.78916 17.78916 
22 7.02667 6.02667 0.000700 0.000116 60 19.10732 18.10732 
23 7.34394 6.34394 0.000732 0.000116 61 19.42549  18.42549 
24 7.66130 6.66130 0.000765 0.000115 62 19.74366 18.74366 
25 7.97873 6.97873 0.000795 0.000114 63 20.06183 19.06183 
26 8.29623 7.29623 0.000826 0.000113 64 20.38001 19.38001 
27 8.61379 7.61379 0.000860 0.000113 65 20.69819 19.69819 
28 8.93141 7.93141 0.000890 0.000112 66 21.01638 20.01638 
29 9.24907 8.24907 0.000922 0.000112 67 21.33457 20.33457 
30 9.56677 8.56677 0.000955 0.000112 68 21.65277 20.65277 
31 9.88452 8.88452 0.000986 0.000111 69 21.97096 20.97096 
32 10.20230 9.20230 0.901020 0.000111 70 22.28917  21.28917 
33 19.52011 9.52011 0.001050 0.000111 71 22.007037 21.60737 
34 10.83795 9.83795 0.001080 0.000110 72 22.92558 21.92558 
35 11.15582 10.15582 0.001110 0.000110 73 23.24379 22.24379 
36 11.47372 10.47372 0.001150 0.090110 74 23.56201 22.56201 
37 11.79163 10.79163 0.001180 0.000109 75 23.88022 22.88022 
38 12.10957 11.10957 0.001210 0.000109 76 24.19844 23.19844 
39 12.42752 11.42752 0.001240 0.000109 77 24.51660 23.51666 
40 12.74550 11.74550 0.001270 0.000109 78 24.83488 23.83488 
41 13.06349 12.06349 0.001310 0.000108 79 25.15311 24.15311 
42 13.38149 12.38149 0.001340 0.000108 80 25.47134 24.47134 
43 13.69951 12.69951 0.001370 0.000108 81 25.78956 24.78956 

*(ec 0.0001 in. per roller. For other values of (cc) multiply figures in column by value desired. 


SAMPLE CALCULATION: A loose needle roller bearing is to have an inner racc 
(shaft) diameter (D) of approximately 1} in. and a width of 1 in. Taking 10 per 
cent of (D), the roller diameter (d) becomes | in. Though either Eq (2) or Eq (3) 
can be used for making initial calculations, Eq (3) is preferable because the approxi 
mate value for (D) is known. Neglecting the terms N(cc)/x and (dc), which have à 


very small net value, Eq (3) becomes 


D = (K 1) d 
Substituting known values 
1.25 = (K 1) 0.125 
or 
(K — 1) = 10.00 


The nearest value of (K 
from Table I is therefore 34. 


1) in Table I is 9.83795. 


The number of rollers (N) 


The final calculations for the bearing are then derived from Eq (2). To systematiz« 


the computations, the following tabulation can be used: 


(a) Given d 

b) Table I K for 34 

c) (a) X (bj Kd 

(d) Table I N (cc) /v for 34 
(e) (c) 4- (d) PD 

(f) Given d 

(g) (e) — (f) 

(h) Table II dc 

(i) (g) — (h) Inner race OD 


(j) (e) + (f) Outer race ID 
* See Table III for tolerances. 


Propuct 


0.1250 (max) 


10.83795 
1.3547 
0.00108 (min) 
1.3558 
0.1250 (max) 
1.2308 


0.0004 (min) 


*1.2304 (max)—1.2299 (min) 
*1.4808 (min)—1.4814 (max) 
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Table II—Diametral Clearance (dc) 


he diametral clearance to be allowed depends upon the use. If the bearing is in a 
stating application, the following values based on shaft diameter are recommended 
yr other or unusual conditions, the bearing manufacturer should be consulted 


Shaft Dia, in. Clearance Shaft Dia, in | Clearance 
dc), in. | ic), in 


Over Includ'g Over Includ'g 
5 


0 3/4 0.0003 23,4 3 1/4 0.0008 

3,4 1 1/4 0.0004 3 1/4 33,4 0.0009 
1 1/4 134 0.0005 3 3/4 41/4 0.0010 
1 3/4 214 0.0006 41/4 4 3/4 0.0011 
2 1/4 23,4 0.0007 434 5 1/4 0.0012 


Table III—Shaft and Outer Race Bore Tolerances 


The tolerances listed below are presented as practical limits of shop practice and 
good bearing performance. If greater tolerances are required for manufacturing 
purposes, the outer race bore maximum can be increased or the shaft diameter 
minimum can be decreased 


Shaft Dia, in. Outer Race 
Tolerance, in Bore, in. Tolerance, in 

Over |Includ’g Over |Includ'g 
0 3/4 +0.0000 0.0003 0 1 3/16} +0.0005 0.0000 

34 1 3/16 -0.0000 0.0004 1 3/16 2 -0.0006 0.0000 
1 3/16| 2 1/8 0.0000 0.0005 2 3 1/4 -0.0008 0.0000 
2 1/8 3 1/4 -0.0000 0.0006 3 1/4 4 3/4 +0.0010 0.0000 
31/4 +-0.0000 0.0007 4 3/4 - 0.0012 0 0000 





The desired bearing width being 1.0 in., a 125L1000 roller is chosen from thc 
SAE Standard for loose rollers. Dimensions for this roller are 0.1250—0.1248 in 
by 1.000—0.980 in. These tolerances are standard for loose rollers. 

Capacity of this bearing is obtained from Eq (1) in which the effective roller 
length, L, is the minimum overall length less the two ends. Since the radius on the 
ends of the roller is about equal to roller diameter d, d/4 is subtracted from the 
overall length. Thus, the capacity C in pounds for 100 rpm is 


Outer race bore 


diameter (B) C 32,000) (1.3558) (0.980 — 0.031 
* 100 
«-Pitch diameter(PD) - > C 8,880 Ib 
a. Shoft or inner ž > 
roce diometer (D 
D'ametral clearance (dc Note: All dimensions in inches 


Where C capacity in pounds, 7 fect 
roller length in inches, A number of roller 
ind A 1 + sin 180°/ NV, basic equations ar 


2,000 (PD) L 


V rpm 





Roller Circumferentio/ Eq G D K-1043 T 
diomefer clearance per roller 4 n PD 
(d) (cc) l : 
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Drawn Shell Unit Type Bearing 
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itis a slip fit on the shaft 


Z ring Iso, the housing ply to the drawn-shell bearing. A 
m e designed so that heavy radial singl] be iring should not be used 
lo Oo tht bearing Vill e t nsmit vn 1 oupic or overturning load I5 
ed to a wall or supporting ribs lor present. Two bearings mounted side 
1 low-tensil housing such as di side should be used 
iaézsd 2» 5 — ett m 
a erial OI iOw-strengtn alumi . . 
Machined-Race Bearing 
I i € necessary n 
ic housin or ligh ly to allow for As ompared to the drawn shell 
) ironing effect a T ring 1S type n lle roller bearing, the ma- 
pressed into plac ed-race type has an outer race of 
In pr ng the t caring O Cav on. Generally, the race 1s 
iousing propet 155 mi IV too! manutfact ired ot a casc hardening 
hould be used. These tools must in stecl, but it can also be made from 
orpora propi rly designed pun n ı thro gh hardening steel 
1 I & E "— ~ o 
r pushe \ ood alignmet This type of bearing is made in 
wet tn ining and housing DO! iany forms, four of which are shown 
nd to pr nt damage to the bearing n Fig. 4 [he first type shown con- 
tat i er th, ] e at one 11 ‘ : . 
A ited for the loo oller needle sists of trunnion-end rollers retained in 
i ferai dcs d 
i full capacity of the drawn-shell he outer ra The main difference 
rained only when the shalt is tween ti appli ition of this par 
f l B f nl r | lar tur } - T 
irden ut sot iP] ions Ca lar type bearing and the drawn 
f é ration f the | mine f te bhell f r + E » 4 
ration of the bearing or hell bearing is that the former does 
of h Í R i ot depend upon the housing bore for 
final size Therefore, it 1S pressed 
p >) Hardened nto the housing bore with less press 
aid ht. In some cases, such as split hous 
LLL eae Kad Ice 4 | : 
Hs M ngs, it is possible to use them with a 
, xa . 7 hit in the housing, but the i 
Í ] TY | t in tnc nousing, but then aux! 
( i iry members such as snap and spacer 
f 1 1 
| J vs must Dx used to locate the bear 
| Ld ny endwise 
| M " 1 1 
i Y he uses of the machined-race bea: 
f i 
[ ng are quite similar to those for the 
j | J irawn-shell bearing. However, this 
í 1 
soa ray r type cannot be used where the space 
A EZ, table is limited h f it 
l IaDIC IS nited DCcausc or Its some- 
| vhat greater section. The ends or faces 
Z 7777 of the | Caring ar« also of heavy section 
Consequently, the faces can be used 
Fig 4 separate hardened inner race is for end location in conjunction with 
idded to a drawn shall needle bearing as stationary thrust washers, which are 
sembly when hardening of shaft is im- properly relieved at the bore 
practical. Inner race must be clamped as [he facts already given for drawn- 


bearings concerning the reduc- 
tion in shaft capacity with reduction in 


of haft d Iness also apply to this type of bear- 

decreases. A shaft of aj ing. Actually, the percentage loss is 

y R, 47 has ot ) percent ereater because of the higher rated 

rease oi ipacity of the machine race bearing 

oR red pace Thus, if it is impractical to harden 

ee jl i] \ the shaft, a hardened and ground in 
It has only two to thr ner race should be used 


ments above concer Fig. 4 


hardened and ground outer race; (b) unit assembly 
end washers; (c) self-aligning; and (d) cam roller. 
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shaft misalignment also apply. Again 
the somewhat greater capacity of this 


1 
} 
i 


earing necessitates a shaft large 
enough in diameter to carry the full 
capacity of the bearing without dé 
Hecting 

Ihe second type of machined-rac 
needle roller bearing shown in Fig. 4 is 
made up of spherical-end rollers as 
sembled between hardened and ground 
inner and outer races. The assembly 
is retained by washers fastened to the 
inner race. 

This particular bearing is designed 
and manufactured primarily for heavy 
loads and oscillating motions such as 
those encountered in aircraft. The 
outer-race section being relatively thin, 
the bearing can be pressed into the 
housing The inner race must be 
lamped so that the washers are backed 
up. This same type of bearing is also 
manufactured with an extra thick 
outer race for heavy rolling loads 


Generally, this bearing is used at slow 


speeds such as would be encountered 
when used as an aircraft flap-track 
roller 

The capacity of this bearing is e 


erally determined by the strength of 
However. to utiliz 
} 


the outer racc 
the full capacity of the bearing, the 
track or cam surface must be hardened 
to approximate R, 60. Any hardness 
less than this generally limits the ove: 
all capacity to the capacity of the track 

For those applications where it i 
difficult to obtain good alignment 
assembly, this bearing is modified to 
incorporate a self-aligning feature 
Fig. 4 shows the self-aligning housing 
that allows the outer race to align it 
self during assembly. 

The fourth type of machined-ra 
needle bearing shown in Fig. 4 is de 
signed and manufactured for a specif 
application. This is the cam rolle: 
bearing which consists of an outer 
race, rollers and retaining member 
with a stud substituted for the usual 
inner race. Such an arrangement r 
antilever mounting as 
im roller 


ts In a 


! 
desien 


onventional in « 





d 


Ispical machined-race needle roller bearings include: (a) Rollers retained in 
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outer race, inner race, rollers and 








Applications of Needle Bearings 


The loose-roller needle bearing is 
well suited for use in automotive 
transmissions because the shafts and 


gears are already hardened and th 


volume of production is such that sp 


ial fixtures can be economically but 
for loading the rollers 

The automatic transmission 
in Fig. 5 has unretained needle 
n the planetary gear assemblies. R 
tively little space is required and th 
gear diameter is kept to a minimum 
resulting in an over-all reduction in 
the size of the transmission. Drawn 
shell bearings are also used becaus 
the housing bore is not hardened 

An illustration of how the features 
of the drawn shell type needle bearing 
an be used to good advantage is 
shown in Fig. 6. This shows a drawn 
shell type bearing applied to the pilot 
position on the clutch shaft of a fluid 
irive coupling. The bearing is ideally 
suited to this application because of 
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Drawn shell 
needle bearings 


Fig. 5—Loose needle roller bearings are used in planetary gear sets of 
automatic transmission because shafts and gears are hardened and space is 
limited. Drawn-shell bearings are used where housing bore is not hard 
ened or to simplify assembly. A Studebaker transmission is shown. 


Fig. 6—Drawn-shell bearings are well suited to clutch shaft of fluid drive 
coupling. Advantages are relatively small outside diameter, capacity to 
retain lubricant and no necessity for positioning shoulders or retaining 
rings. Also, the curled-in lips act as lubricant retainers 


Zia 


































Fig. 7—Two machined-race bearings 
generously spaced handle off-center 
loads in cable sheave. Snap rings and 
spacers keep the races in position. 


Fig. 8—End washers and inner races 
of machined-race bearings in aircraft 
flap mechanism are clamped between 
side members and spacer sleeve. 


use it v i i 
Vitt tw il I Or O 
uning It 1 Of t! 
! 
iried-in li} | ( í 
fective retainment f i 
I r 
A V Cal ap} l ( ) or 
of machined race } í 
sheave in I p. 7 Two g $ ( 
well apart are used | he 
is often off center. Tl 
ised to ret p 
sheave simplify the machining 
put 


the bore is straight with no shoul 


The shaft being unhardened, 


1 
ner races are lamped 


possibie to in orporate garter 
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The thicker section. of the ma- 


hined race bearing is not a disadvan- 
in this pl ation because the 
on of the sheave itself is large. 
Also, with the thicker section, it is 


spring 


type seals without a recessed bore. 
Another type of machined race 
earing is 1 in the aircraft flap ex- 


sion mechanism shown in Fig. 8. 
the bearing is simply pressed 
to the housing. In many aircraft in- 
is staked in 


lations, the outer race 
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place by forcing some of the housing 
down and over the outer race rounding 
The end washers and inner races ate 
clamped between the side members 
and a spacer sleeve. With this typ 
of bearing, it is imperative that th 
washers be backed up to carry locat 
ing thrust loads. These loads ar 
therefore carried by the plain surfaces 
between the washers and outer races 

Needle roller bearings 
adapted for use in assemblies such as 
steering gears, crank systems, gear 
pumps, — suspensions, governors 
lutch pilots and crane wheels. 


are also well 
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Sube Cad Cites 


Hagh lemperalne Dore 


JOSEPH KINNEY JR. 


President, American Cladmetals Company 


Stainless clad copper offers for high tempera- 
ture service, a combination of the high ther- 
mal conductivity of copper with the corro- 


sion and heat resistance of stainless steel. 


WITH FEW EXCEPTIONS, stainless steels are the poorest 


heat conductors of all constructional metals. ' hey have 
about one twentieth of the thermal conductivity of opper 
and about a third that of carbon steel 

Ihe low heat conductivity of stainless is demonstrated 
in cooking utensils Because heat conductivity is low 
the heat spreads so slowly laterally that a fla npinging 
against one side of the stainless s causes a hot spo 
at that point. This characteristic of stainless is a distinct 
lisadvantage in its use for cooking kettles of all kinds 


ironers, stoves and wherever else good uniform hea 
conduction is required or highly desired 


Greater lateral thermal conductivity is also of gre 
value when stainless steel is used parts such as com 
bustion chamber liners for jet engines, gas turbines, tail 
ones, exhaust manifolds and similar parts. In such appli 
ations it is highly important that the heat impinging upon 


the sheet be spread laterally so that there will be no hot 


spot or heat formation that might cause buckling, warping 
or cracking 

Stainless clad opper combines in one sheet the high 
thermal, conductivity of opper with the corrosion and 
high-ten perature resistance of stainless The copper core 
which is usually about 30 percent the total thickness of th 
lad sheet, serves to spread the heat at the instant it strikes 


the sheet and also increases the rate of heat conductivity 


È Ld 


ompared to a solid stainless sheet of equal thickness 
In many practical applications, the high rate of lateral 


heat conduction results in a much greater heat transfer 
cause the heat conduction is spread over a much greater 
wea. Fig. 1 schematically shows heat conduction throug! 
solid stainless and stainless clad opper sheets of eq 
thickness 

Tests were conducted by Mr. C. T. Evans, Jr., Chief 
Metallurgist of the Elliott Company to determine the 
lateral heat conductivity of various metals and sheet 


structions. Strips of the metals under test were placed in 


a furnace and extended out through the door. as shown 





Propuct ENGINEERING — APRIL, 1952 


2,600 


Conductivity (BTU/hr /sq ft/deg F/in 


1,400 
1,200 
1,000 

800 


600 


2,200 


2,000 


1,800 


1,600 


and inconel 


200 400 600 


Type 302 stainless 


800 





1000 4200 


Temperature, F 


Corbor stee/ 


—<«bitalinam 


Fig. 1—The low rate of heat conduction in stain- 
less prevents the heat from spreading, causing a 
hot spot. In the stainless clad sheet the high heat 
conducting copper core spreads the heat stream 


in Fig 


in. long. The results of 
As shown by the 


curves, 
ductivity occurs when 
total thickness of the 
The fact that the la 
cent copper core stair le 
soli l copper IS rea lily 
ling is a partial heat ins 
annot es ape trom th 
op r sheet Furthern 
s aliso aré ] tively noorr 
ion and the slower heat 
sheets cause a higher temp 
idvancing "heat wai 
ate of heat flow increa 
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-- Type 302 stainless 
---Type 302 stainless -no core 


All copper, 
no cladding 


-- Stainless type 302 
22.5 percent 
copper core 


Stainless type 302 
22.5 percert 


No. of Seconds to Reach 125 F 
No. of Seconds to Reach 200 F 


Stainless type 302 
28.2 percent Slainless type 302 
copper core 28.2 percent 
3 copper 
Stainless type 302 ^ 
58 percerr* 
copper core 


Stainless type 302_--¥ 
58 percent copper 
30 


oie TR IE m NO 10 20 30 40 50 60 70 80 90 100 


Percent Copper Thickness of Core Percent Copper 


Thermocouple 
^ 


Termpil stick rneasured 


Furnace hearth 4 in. high x { Ya in. from door 


6 in. wide * 1798 in. long 


Sarnple 
lin center of furnace) 


Fig. 

less, 

strips 
mate 
850F 
a ter 
outsi 


Supporting brick--~~~ 


Applications Data Copper exposed to air begins to oxidize at about 750 


F, forming a semi-protective film that retards the pene 
tration of the oxidation. Even at 1,500 F, in still air 
the penetration will be only about 0.045 in. in 744 hr 
or 31 days Therefore in most applications it is not 

where th necessary to protect the copper core that 1S exposed on 

m i ; even though S dge of the ine sheet. But if such penc 

particular tyj f stainle laddin, dle to with * E f — there are several simple methods 
stand 2,000 F 1: ont posure air If th —— — 


metal surface is exposed a chemical laden atmo If 


il 


Fig. 
ertie 
this 
tem| 


protection against oxidation of the copper i 
required the edges of the sheet can be "seal welded" 
In this process the edges of the clad metal are first 
for various types of stainless steels are as follow vickled, the copper being eaten back about 44 in. Stain 

AISI Types 302, 304, 316, and 347—1,600 I | edges are then rolled to pinch the edges together 
AISI Types 30 ind 1 1.800 F which are then Heliarc welded. No filler rod is used 


sphere, the maximum allowable temperature may be con 
siderably les. The maximum allowable temperatur: 
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ce) 


rst 
in 


Sometimes the pickling and edge p 
we omitted and filler rod is used in the welding opera 
tion. 

Instead of seal welding the edges, tl 
process can be used. Calorizing diffuses aluminum into 
opper to form an alloy of high oxidation and corrosion 
resistance. The three methods most generally used 
calorizing are the powder method, the cold dip method 
and the spray metal method. The first is a 
method employed by the Calorizing Company of Wil 
kinsburg, Pennsylvania who process sheets and articli 
[he cold dip method was developed largely by Gener 
Electric Company. 

In the "spray metal 


pinching Operations 





iC. calorizing 








paten 







method aluminum is spraye 






edges have been roughened somewhat with a file. Th 
first spray coat is made about 4, in 
aluminum coating is then treated with a 
approximately 20 percent water glass in 
the edge of the sheet is heated to 1,400 I 





thick 





solution OI 





water [het 


and kc pt 






diffuses into the aluminum 


An aluminum-copp 
that has high corrosion resistance is obtained 







Allowable Working Stress 







For rough estimating purposes, 
less clad copper 
taken as the strength of a sheet of solid stainless 
a thickness equal to the total thickness of the lamina 


sheets at room temperatures can 








sheet less 3 the thickness of the copper core. For streng 
in the ranges from 500 to 1,500 F, the 3 factor beco 
2 Thus, on a standard 30 percent coppe o 
strength of the clad sheet at 500-1500 F will be 80 per 
that of a solid sheet of stainless and at room temperat 
(100 x 30) or 85 percent 





For design purposes, the allowable stresses for ] 














Fig. 2—Arrangement of thin samples in 
the furnace to determine the relative 
lateral heat conductivity of various metals 
and sheet constructions. Point of measure- 
ment is 4 in. outside the hearth. 






















Fig. 3—Lateral conductivity tests of stain- 











less, stainless clad copper and copper 14d 
strips 0.080 x 2 x 26} inches. Approxi- = 
mately 114 in. of sample in hearth at 2 4 
850F. Time required in seconds to reach à 
a temperature of 125F at a point 4 in. 3 T 
outside of hearth was measured. t 35 

^ 

^ 

È soj 
Fig. 4—Lateral conductivity tests of stain- T 25 
less, stainless clad copper and copper 
strips with furnace at 1250F. Time 20 


required in seconds to reach 200F 4 in. 
outside the hearth was measured. 







Fig. 5—Effect of temperature on the prop- 5 
erties of copper. As can be seen from 
this curve, copper has relatively low high 
temperature strength. 
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against the edges, using a standard spray gun, after the 


The sprayed 
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that temperature for 14 hr. during which the copper 
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— Short time tensile slrength' 


99.97 percent electrolytic copper, cold drawn 25 percent 


phosphorized copper, anneoled, 0.013 millimeter 


[- Reference 
| 1-Price, ASTM-ASME Symposium, 1931, Pg. 347 
1 — 2-Burghoff and Blank AIM.M.E. 


Technical Publication No. 1777 
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Reference: Timken Digest, 1946 
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ASM Metals Handbook, 1948 
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Ternperature, F 


Fig. 6—(a) High temperature design curves for annealed type 347 stainless. 
(b) High temperature design curves for annealed type 310 stainless. (c) High 
temperature design curves for annealed Inconel. These are the most popular 
heat resistant materials used for cladding. In design work allowance must 
be made for the copper core. 


























Fig. 7— Thermal expansion of copper, types 347 and 310 stainless steel and 
Inconel. For most purposes of design it should be satisfactory to work with 
the values of the cladding material, neglecting the usually higher thermal 
expansion of the copper core. Type 347 stainless actually has higher thermal 
expansion than copper. 











































































































































' j 1! 


sulphuric acid of the 18-8  stainle steels ell a irc and the bottor 
making these metals less subject to work hardening gap be used betw 
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The welding procedure used must minimize the coj 
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Eo Stress for rupture in 100 hrs a Stress for rupture in 100 hrs 


Reference: Timken Digest 1946 


o——« Stress for rupture in 1,000 hrs e Stress for rupture in 1,000 hrs 
@——® Stress for rupture in 100,000 hrs @———® Stress for rupture in 100,000 hrs 
(Extrapolated) 40 (Extrapolated) 


X Stress for secondary creep rate 
of ! percent in 10,000 hrs 


Q-— —4 Stress for yam | creep rate 


of 1 percent in 100,000 hrs 


Reference: 
ASM Metals Handbook, 1948 
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Fig. 8—Setup for welding stainless clad 
copper to permit the weld to be made at 
the bottom layer of stainless with a mini- 
mum of copper being melted. Beveling 
the edges to a 90 degree included angle 
helps prevent excessive copper pickup. 
When the proper gap between the pieces 
to be welded is prepared, the bottom layer 
of stainless can be fused, and then the 
metal frozen with a chill bar beneath the 
joint. The molten metal will then fill the 
gap in the copper layer. A minimum of 
copper pickup will be encountered be- 


t 


In yn à g cannot be us ecause of th per pickup so as to hold it within a safe 4 percent 
p o y of the copper limit. To accomplish this, the current used must be th: 
Pickling procedure identical with that which would minimum current that can achieve proper fusion The 
1 for the cladding metal. A suggested pickling copper in the core, because of its high heat conductivity, 
for ile removal is 5 min at 150 F in a solution of 13 has little tendency to melt down in the weld puddle 
percent nitric acid (42° Baumé), 6 percent hy iro The heat is carried away from the weld puddle at sud 
fluoric acid (60 percent) and the balance water a rapid rate that the stainless molten metal casts itselt 
In welding stainless clad copper in a butt joint, the against the copper with a minimum of fusion. 
onditions in the weld must be studied from various Assuming that this condition represents the factual 
viewpoints. The type of rod used should be designed limitations, it is logical, therefore, to develop a fituy 
to give weld metal analysis that will give strength, that will permit the stainless weld to be made on th 
luctility and corrosion resistance, equal to the parent bottom layer of stainless with a minimum of copper 
metal. Ordinary 18-8 can absorb 4 percent of copper in being melted. When a joint is made with the two se 
solution without deleterious effect on its corrosion tions of the clad metal close together, the only way 
resistance or its ductility, in fact, a small copper addition the bottom layer of stainless can be fused is t 


ip to 4 percent enhances the corrosion resistance to melt the copper which, on a close fitup, lies between the 
n layer. ]t is necessary that a wider 
een the sections to be welded, so as 
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ot Stress for rupture in 100 hrs 
o—— Stress for rupture in 1000 hrs 


X———X Stress for secondary creep rate 
of 1 percent in 10,000 hrs 


Reference: . 
International Nickel Co. Data 


1,000 1100 1,200 1300 1400 1500 200 400 
(c) Temperature F FIG.7 


cause of the chilling effect of the copper on ee 
on the molten metal in the puddle. The equals metal 
top layer of stainless will then be fused thickness up to 
because of the relatively poor conduc- 
tivity of the stainless and its tendency to 
fuse into the weld puddle rather than 
disperse the heat of the puddle laterally 
away from the welded seam. 

Accurate control of current is necessary 
to give proper fusion. Use of short arc 
and reversed current is suggested. The Cladding 
welding rod should have as high a nickel 
content as is available. 


to permit the ar he bottom layer of stainless 
without having to melt through copper. Fig. 8 shows 
the setup 

The current to be used should be accur: 
and the voltage-amp characteristics should 
mum that will give proper fusion [he us 
or smaller electrodes coated for direct current 
mended. When welding stainless clad 
short arc should be used and the current 
versed as in welding solid stainless 

It is well known that nickel and copper j 
solution in all proportions, so a high nickel bearing rod 
should be used. It is suggested that either Inconel or 
80 nickel, 20 chrome analysis rod be used regardless of 
the type of cladding being welded. With a high nickel 
ontent, the copper pickup has less effect than in the 
ise of the lower nickel stainless alloys. The welding 
rod best suited to a particular job must be developed in 
onnection with the gages of the material and the desig 


copper, 


rt 
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For mining installation, the conveyor 
has attachments that permit the trough 
line to go around corners and to do 
self loading 
In the shaker conveyor system, a 
semi-permanently located drive unit, 
Fig. 1, imparts a unique reciprocating 
motion to an extensible trough line 
Wheel or ball type units support the 
trough and guide it in a line parallel 
to its longitudinal axis. This con- 
struction is in contrast with that of 
early type shaker conveyors and pres- 
ent day vibratory conveyors, the sup- 
sorts of which give the trough line 
novement a vertical component 
The entire trough line shakes back 
| forth with a motion that causes 
being conveyed to slide 
certain distan C during each 
the direction of material 
the accelerating force applied 
trough is slightly less than the 
ional force of the material on the 
In the reverse motion of 


material 


the accelerating force 


resulting stresses will 


Fig. 1—Heavy duty shaker drive 
that shakes a trough line backward 
and forward to convey material. 


limited, but several other conditions 
serve to make designing difficult. First 
among these is poor maintenance 
Miners are good machine operators 
and the maintenance men are good 
mechanics but the machine operates 
in a dark place and close quarters. At 
times the machine is miles from 
repair shop. In addition, care of th 
machine is subordinate to the miner's 
first interest, which is to get out as 
much coal as he possibly can. 

The machine must be "push-button" 
operated as much as is practicable. 
Because of the danger of coal dust or 
gas fires and explosions, the electrical 
equipment must be enclosed in strong 
explosion proof compartments ap 
proved by the U.S. Bureau of Mines 

In the early machines, considerable 
manual effort was required to turn 
In modern 
machines, these operations are per 
formed hydraulically 


cranks and operate levers 


Analysis of Shaker Motion 
In an analysis of the motion of 
shaker conveyor that is driven by 
gear and crank train similar to that 
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Characteristics of motion required to convey materials in a reciprocat- S 
ve š i ; i " 
hi ing trough line. Acceleration, velocity and displacement produced by a E 
i. gear train and crank in shaker conveyor drive units. Effect of accelera- " 
x e è e p á 3 >= 
tion and material friction factor on rate of material travel and backslip. - 
ns 1 1 F 
'st shown Fig. 2, it is convenient to the coal in the trough On à ) Lí 
c represent the motion by a velocity polished surface a piece of coal has a too 1! al 
rs curve having for its ordinates the low coefficient of friction, but in he luce c 
xi trough line velocity in feet per second full trough the coefficient of friction lamaein - 
es plotted against time in seconds as the is about 0.4, probably because of str 
At abscissa, or alternatively in degrees ot wedging effect along the trough sides Ih 
a revolution of the constant speed crank Where to 
he as the abscissa . I of chang 
A friction force, Ib 
r's Since acceleration is the increment } R e Ib lange o 
iS in velocity per increment of time, the V — mass of material in trough ic 5 
trough line acceleration at any instant H — of material in trough, Ib p 
n" of time, is a function of the slope of » —X €— sc 
' } : | á iái ' d "m I terial and troug surtace 
le. the velocity curve at that instant. n a = acceleration of trough, ft per se a, 
or addition, since the increment of dis- g = gravity acceleration, ft per sec 
al placement during a time interval is uh and F = Ma = Wa A 
n the product ot velocity and the time then at the instant of slippage wl n ( M 
p interval, the displacement of the equals F shown iypothe 
Sa trough line during any time interval UW = Wale shake ien f re 
yl is a function of the area under the ‘nts t 60 
rt velocity curve for that time interval. 9^ ^ a strok tior tl 
n Trough line acceleration generally At about three-quarters of the for lirectio | of ft 
er IS expressed as a function of the grav- ward stroke, the acceleration is re per s Oppo to 
ity acceleration unit g. The value of versed to cause the material to slide material ec? 
icceleration in the direction of ma- forward relative to the trough. In an accel 1,000 
terial travel to convey coal is low, practice, the forward and reverse se? dur from c 
ibout the order of 0.3 g. At this acceleration should bear a ratio to each t for o re t 
value, the accelerating force is found — other of about 1 to 3 or 4. Further on on rm 
sat to be less than the friction force of more, the change from one to the 
) ` - >- 
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Fig. 3—Acceleration, velocity and displacement curves for ideal shaker motion. 





otion of rough line tra from time ¢, to time /,. From time to material travel at a transition rate 
metrical f to time /,, the forward velocity is of. 1,000. ft. per sec? is determined 
that th« 


still increasing but at a diminishing from 
ning and end of cach sti rate since the acceleration is still for 


3 0 + 40 = 1,000 (t4 
ward in the direction of travel. 


The time interval required for the 
forward acceleration to change from ta — te) = 40/1,000 = 0.04 sec 
sec? to zero at a transition 

rate of 1,000 ft per sec? is determined 


In the acceleration transition period 
from ¢, to tg, the forward velocity de 
creases at an increasing rate from its 
maximum at /,. From /, to /g.s, th 
forward velocity decreases uniformly 
m 31/1080 2 0:01 » à) to zero at the end of the forward 

stroke. 
time interval required for the Since area I between the forward 
from zero to 40 acceleration curve and the diagran 
ction Opposite axis is the summation of increments 


1.000 





N 
€») 


on 


m 


Travel inches per stroke 


Inches trovel 
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Velocity of coal 
relative to trough 





Fig. 4—Motion of coal achieved with a patented conveyor shaker motion 


f increasing velocity. from. zer 
naximum during differential 
rvals, and since area II betwec 
reverse acceleration curve and the dia 0.385 sec 
gram axis is the summation of incre- po. , 
Ate s ad : Na Moa | from Eq (1) 
nents of decreasing velocity from 
maximum to zero during differential 
time intervals area I and area II are and from Eq (2) 
jual. 
The specific times f», 7, and 
ulculated with the aid of Eqs 
ind (2) and from the relation that velocity at ts, ft per se 
eas I and II are equal, thus = velocity at te, ft per sec 
t = velocity at fg, ft per sec 
10 (te — ta) — (10/2) (t, — t s = velocity at to 4, ft per sec 
- 4U (t. t) — (40/2) (ta lisplacement at fg, ft 


i t 
= displacement at t, ft 

f 

t 


0.385 — O OI 


0.385 + 0 04 


10 ib ^9) = 3 2 0.01 = displacement at £4, ft 
40 (0.5 — 20 X 0.04 displacement at to», ft 








Trove! inches per stroke 


IO o9 o8 07 O6 Q9 OS OS G2 OI 
Coefficient of friction 


Fig. 5—Velocity and travel curves for backslip that occurs in an ideal motion when 
friction of material is not sufficient to hold against forward acceleration. 


Fig. 6—Travel per stroke for different values of friction factor with ideal motion. 
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Desired 
| curve 


motion, with Jt is 
The ef 


fective coefficient of friction is taken 


naker onveyor 


motion of coal 


at ).4 Since this value is greater 


1 the acceleration in g units in the 


lirection of material travel, the ma- 
rial will have the identical veloci V 
} 


as the trough line during that part of 


the motion 
Dur o tł ^ rover | nf r 1 Y 
ring iC reversal oi a eration, 
the coal continues to ride with th 
trough until this acceleration reaches 


a value that exceeds the friction factor 
at which time the 
slide s with a cor 


coal slides. It then 
tantly decreasing 
locity, so that the 
sented by a straight line on the motion 
curve. The slope of this line is 13 ft 
per sec. by 1 sec. At point P the coal 
is travelling at an absolute velocity of 
zero feet per second, but it still has a 
velocity with reference to the trough 
so that the velocity curve of the coal 
ontinues as a straight line. This con- 


veiocity 1 repre 


138 





-Uncorrected linkage curve 


















+ 


Desired 
curve . 















dition indicates that the absolute ve- 
locity of the coal reverses. 

Note that any ordinate Q is the dif- 
ference in velocity between ‘the trough 
and the material, and that the area 
between these curves is the travel of 
the material with reference to the 
trough line. Since only the trough re- 
ciprocates, this area is also a measure 
of the absolute travel of the material. 

If the material has a low friction 
factor that is not sufficient to hold 
against forward acceleration, back-slip 
occurs that quickly reduces the prog- 
ress. In Fig. 5 is shown the velocity 
ind travel curves for a back-slip con- 
tition. Not only is the positive area 
reduced but there is a negative area 
A under the gentle slope that must be 
subtra ted 

With a theoretical velocity curve 
having sharp points, an acceleration 

] f material travel 


in the direction of 
t friction factor, 


ly equal to the 
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Fig. 7— Uncorrected velocity 
curve as produced by a crank 
and short connecting rod drive 
compared with the ideal or de- 
sired velocity curve. The dif- 
ference between these curves is 
a second harmonic. 








Fig. 8—Shaker unit with in, 
proved drive that produces the 
desired ideal velocity curve. The 
final gear reduction for driving 
the crank consists of a gear hav- 
ing a variable tooth pitch and 
an eccentric pinion. 


and a reverse acceleration infinitely 
high, therefore taking zero time, the 
material travel will be equal to twice 
the stroke length. It is not possible, 
of course, to have such a motion. 
Conveyors of early design seldom have 
a material travel per stroke as much as 
one stroke length. Recent designs, 
however, do have a travel per stroke 
considerably in excess of one stroke 
length. 

In an ideal curve such as has been 
discussed, the maximum travel oc- 
curs when the friction factor is equa! 
to the forward acceleration. Any 
greater friction causes a decrease in 
travel, and less friction causes back 
slip. Material travel would be zero 
if the friction factor was either zer 
or equal to the high acceleration, al 
though neither of these is encountered 
in practice, In Fig. 6 the travel per 
alle is plotted against several dide: 
ent values of friction factor. It will 
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Under 
shoula 
` 


Under pan clamped tghf with 
shoulder cop screws or bolts 
A 


Fig. 9— Variable pitch 
gear employed in the 
final reduction of gear 
train to obtain variable 
crank shaft speed and 
an ideal velocity curve. 


Fig. 10—Trough for 
conveying red hot scale 
in which load carrying 
members are independ- 
ent of the material car- 
rying members. Trough 
sections overlap in fish 
scale manner. 


Large hole in upper lop 
for clearance 


‘ 
Clearance 


en SS e rere ee ee) 


t 
‘Cross member 


be noted that friction factors of a val- 

ic less than the optimum have a more 

idverse effect on material travel than 
those that are greater. 

The perm xt of the motion 
L itus with | e similar to that 
shown ouiin in Fig. 2 is pro- 
duced by a crank and a short con- 
necting rod. In Fig. 7 a typical ve- 
locity curve produced by such a drive 
5 compared with an ideal velocity 
curve. It will be noted that the dif- 
ference between these two curves is a 
second harmonic. 

To accommodate this difference, the 
final gear reduction for driving the 

rank was redesigned, and incorporated 
n the machine shown in Fi ig. 8, to pro- 
luce the desired ideal anne curve. 

The nonuniform residual error in 
the forward and backward velocities 
was corrected by employing a gear 
laving a continuously variable tooth 

ch on the crankshaft and eccentric 
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Continuous angles ~ — 
to carry lood 


Roller ~ 


pinion on the large interme 
shaft. 

The pitch “circle” of the gear is 
actually a smooth continuously varying 
pitch curve. The teeth have don 
addenda on certain parts of the gear 
and long addenda on others. No tw. 
teeth are alike. In manufacture, the 
gear blank is first shaped to its out- 
side contour by a toothless disk cutter 
mounted eccentrically. The variable 
tooth pitch is obtained by mounting 
on the Fellows' table a false table that 
is caused by means of cams to have a 
controlled oscillation. The gear is cut 
on a Fellows shaper with an eccen 
trically mounted cutter of the exact 
size and shape of the pinion. 

The pinion is cut in the regular 
manner and bored eccentrically; its 
teeth are standard involute and hav 
constant circular pitch. 

An ideal velocity curve is thus ol 


tained by means of an eccentri pinion 


tating 


non-cir 


ble velocity 


This dri 


1 coal conv 


r hour 


RE 
whi h IS 
le aeth of 
the w« 
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to a iess 
material 
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High Pressure 


Compressor Pistons 


Driven by “Keystone” 


A four stage, four piston, high pressure air compressor, de- 
veloped by Walter Kidde and Company, Inc., uses a method 
of driving the pistons that eliminates the need for connecting 
rods, wrist pins and other complications inherent in conven- 
tional compressor design. The heart of the method is a Key- 
stone shaped cam that rides in an upright position on the 
crankshaft and pushes the pistons into their cylinders with its 
flat sides as it oscillates. 

Through the use of this piston drive the weight of the new 
compressor has been held to 15 Ib yet it will deliver 4 cfm free 
air at 3,000 psi pressure. The compressor has been designed for 
aircraft use and this output is believed sufficient to meet the 
requirements that exist today. 

Other interesttng design features include the pressure lubri- 
cating system, a unique valving and porting arrangement 
and the method by which the piston pads are kept aligned 
with the sides of the Keystone cam. Three separate methods 
are used to attach the cylinders to the cylinder heads and on 
the second stage cylinder assembly a snap ring permanently 
holds the cylinder head to its threaded union adaptor. 


A WY "A 4 Ws Uf 7 


Four -stage 
high pressure 
air compressor 


Atmosphere 
. a g S x air intake filter 
Cylinder inter- 1 Lo r 
connecting Í j 
pressure 1 
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lines 
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High pressure 
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(1500 psi, 
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High pressure 
a/scharge 
(3000 psi) 











Keystone 
cam 


Third stage 
discharge port 


1500 psi) 


—~ Second stage 






















- Second sfage " discharge port 
ntake port EN (500 ps/) 
100 psi) 
Thrust pad-.. 
let oir Lock pin (2 req'd.) ---- 
ressure CMM ane, 
Retainer- NA YAY, 
LLL HV 
: midi. VV 
—— — UD QUY 
d n SNA A o, 
penta” lnsert-“ A 
Snap ring--^ 
y BALL SOCKET permits the thrust pad to align itself and 
ride flat on the Keystone cam. Slight variations in cam posi- 
intake tion can result from part dimension tolerances. 
m 
j stoge 
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eccentric 


Fourth 
stage 
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Thrust pods 
Scofch yore 
and s^oe 
rog 


Third stage 


Second stage 


Oscillating 
piston keystone drive 


KEYSTONE CAM with pistons and cylin- 
ders arranged in their proper relative posi- 
tion. The Keystone rides on the crank 
and its flat sides push the pistons into the 
cylinders. During the intake strokes the 
pistons are kept in contact with the cam 
by live air from the preceding stage. As 
the crank shaft rotates, the Keystone is 
held upright and oscillates on the slide rod 
of a yoke fastened to the first stage piston 


ANNULAR GROOVES in the cylinders 
or in the cylinder heads form inlet ports, 
and the air dis harge ports are in the cylin- 
der heads. Oil is pumped in through the 
hollow crankshaft and passages in the Key- 
stone cam to the thrust pad surfaces 


SECOND STAGE CYLINDER adaptor 
and cylinder head are permanently assem- 
bled by a snap ring. A positioning plug 
holds the discharge disk valve in posi- 
tion without restrict.ng its movement or 
interfering with air flow through the ports 


THIRD STAGE VALVE arrangement is 
typical of all valving in the compressor. 
Spring loaded check valves are used 
in all but the second stage. The inlet 
valves are doughnut shaped disks and the 
discharge valves are solid. 
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PRODUCT DESIGNS 


Water Condenser 
For Clothes Dryer 


On the surface, it seems a paradox that water 
should be used to improve operation of an auto- 
matic clothes dryer, but a unit being manufactured 
by Hotpoint, Inc. successfully uses this method. The 
clothes to be dried are placed in a conventional type 
perforated revolving drum that is encased in a 
sealed housing to prevent air from entering or es- 
caping when the dryer is in operation. In addition 
to the usual dryer mechanism, a water system has 
been added in a confined area under the drum called 
the condensing chamber. A stream of water enters 
the condensing chamber and is mechanically atom- 
ized to fill the entire chamber. 

As the dryer revolves, it circulates the moisture- 
filled air round the closed chamber and over Calrod 
heating rods where baffles direct it into the drum 
full of wet clothes. With its capacity to hold water 
thus increased, the heated air passes through the 
clothes, taking on water to its saturation point on 
way. When it reaches the condensing chamber, the 
saturated air is chilled and the vaporized water con- 


denses and is pumped out the drain. 


Heat contro. 


f Insulated outer 
~N 1 / drum housing 
Calrod heating 
units 


Condensir 


* chormbe 


INSULATED outer drum housing encloses the 
rotating drum and condensing chamber. The 
timer coordinates the motor with the water jet. 


Time ano / 


ternperature controls 


Airtight 
door sea/ - 


WATER SPRAY condensing chamber speeds the 
operation of this clothes dryer, which has a capacity 
of 8 pounds of dry clothes. The cabinet is sealed 
during the drying operation and water removed from 
the clothes is pumped out in liquid form. 


WITH SECTION of outer drum reraoved, the rotat- 
ing drum is exposed. Here are shown the rods that 
heat the air before it is directed through the clothes. 
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High limit thermol protection device ~ 
A Perforafed rotating drum... n T Reflector 
Drain hose = 


Calred 


insulation =-~ heating 


---Loundry tub 


Operating 
thermostat buib. 


Cold water fap 


Rotation 
of drum 


“Wet 
cloths 


Poth of oir 


movement 


~-~Condensing- 
chomber 


Wafer boff/e 


Section A-A Section B-B 


TAP WATER enters the condensing chamber and rods. With its saturation temperature increased by 
is atomized and diffused when it leaves jet nozzle eat, the air is directed through the perforated rotat- 
and strikes a small steel cylindrical bar. The per- ng drum where it is resaturated. As the air passes 


forated rotating drum acts as a pump and forces nto the water spray of the condensing chamber, thc 
the saturated air around the chamber to the heating moisture in suspension condenses 


Rotatitig 
orum 


(LES GBFLFL SN 


e 


solenoid 


i 
4 


valve contro/ 
Water inle? valve 


I ] 111111111 


"i.e". y 


water inliet and screen 


BOTTOM SECTION of dryer with cover removed CONDENSING WATER inlet system closeup 
shows condenser pan and the baffle plate. A pump shows the rod where the water strikes with 
under the condenser pan removes the excess water. sufficient force to be diffused 
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PRODUCT DESIGNS 


Heat ro 
burner cabinet 


DELIVERY END of nylon heat setting machine. First the SIX ROLLERS heat the fabric. Each roller consists of a 


nylon fabric passes over a series of uniformly heated rolls — 10 in. outer shell and an 8 in. inner shell mounted coi 
to heat set the fabric, and then it is cooled by a controlled — centrically and sealed at the ends to form a cylindrical cas 


air blast. Functional parts ar nclosed in an aluminum — ing. This hollow casing is filled with "Dowtherm," a ch 


cabinet with access doors for normal service and adjustment il with an extremely high boiling point 


Operations Combined in the New 


Heat setting and quick cooling operations in the making of 
nylon fabrics have been combined into one continuous process 
by a machine being produced at the National Drying Machinery 
Co. of Philadelphia. 

This nylon heat setting machine is equipped with six individual 
gas-fired rolls for heating the nylon fabric, and an air blast device 
that directs cooling air on the fabric after it has been set and 
before it is beamed or folded. 

Each gas burner is automatically controlled and adjustable to 
any temperature required up to 500 F. Safety controls are used 
throughout. With a roll surface temperature of 420 F, an average 
of 85 cu ft of propane gas at approximately 2,500 btu per cu ft 
is required 

The maximum width of cloth that can be handled is 66 in., 
since the face width of the rolls is 72 inches. The machine weighs 
12,000 Ib. The machine is equipped with a manually operated 
U. S. Vari-drive Speed Control Unit. This variable speed reducer 
unit drives the cylinders and permits production speeds from 12 
yards per minute to 90 yards per minute. With this range of at- M -Stee! end 
tainable speeds, any weight of nylon fabric can be properly heat > o p 
set at the highest and most efficient speed without danger of fus- 


support 


EACH CYLINDER is supplied with an in 
dividual and automatically controlled ga 
immer. Heat can be controlled to +2 F. 


ing due to overexposure. Five motors, ranging from 1} hp to 3 hp 
are used separately to drive the fans and feed roller belt. 
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YLON FABRIC follows as it passes through the DOTTED LINE and arr 
eae 1 | 


PATH N 


j ) 
settin ichine is indi ated by dotted lines and arrows tion. show electr motor 


elevation. The finished material material through heat sette 


rom the cooling section or passed furnishes power for the 
1 folder attachment fans cool the rollers and exha 


> 


AIR BLAST NOZZLES are constructed to distribute air VIEW OF FEED END of nylon heat setting machine 
flow evenly across the sheet of nylon fabric to set plastic in shows the location of fan that forces air to the V ! 


weave. Bars guide the fabric past the nozzles nozzles for cooling the fabri 
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PRODUCT DESIGNS 


Hydraulic Brain 
Controls Band Tool 


To permit infinitely variable adjustment in all move- 
ments, a hydraulic system has been designed into a 
band machine being made by the DoAll Company of 
Des Plaines, Illinois. Hydraulic cylinders, fed by a 
motor driven pump and controlled from a central 
panel, control the tension of the band tool and the 
speed it travels, as well as the positioning and moving 
of the work table. One of the most important features 
on the band machine is the hydraulically controlled 
tool head that can be remotely manipulated to follow 


the contour of the work as it is carried across the tool 


blade. THREE MOVEMENTS that can be remotely controlled 
The brain of this hydraulic system is the control on the DoAll band tool. The table has a feed stroke of 
er Ee E i 16 inches and can be tilted to 45 deg right and 10 left. 
panel, where specially designed gate valves direct the 


i i : An actuating cylinder that is vertically mounted to the 
oil to the various actuating cylinders and where relief 


valves determine the pressures to be exerted. 
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ped tool post can be regulated to guide the post along the 
Rn vertical contour of the work that is being passed through 
= the saw blade. When the tool post is not being moved, 


o the a hydraulic post lock cylinder automatically locks it in 


Work table 


=, 
/ A N i 
Sliding bar Lid Z z Table feed 
jr 3 cylinder 
Main frame E 
mm Table tilting 
cylinder 
Work table 
\ 


Z de 


cylinder Main frame 


/ liding bars 
Table tilting 


WORK TABLE actuating cylinders. The table feed 
cylinder moves the tables over the tilting assembly on 
two sliding bars while the tilt assembly remains in 
the same position. The table trunnion rocks in a cres- 
cent-shaped cradle, on the main frame. 


SCHEMATIC LAYOUT of the hydraulic system. The 
special gate valves in the control panel direct the oil 
from the pump to the hydraulic cylinders and adjustable 
spring loaded relief valves control the pressure that is 
exerted to the band tension and table feed actuating 
ylinders. Note the automatic emergency brake circuit. 
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aj 4 AL eh 
[nog ad 
saw pos* 


lace. Hydraulic controls regulate the Je of the 
band tool blade and hydraulically actuated brakes pro 
tect the operator from possible injury by automatically 
stopping the machine if a cutting blade breaks. 


POWER TO DRIVE the band tool comes from 
a 74 hp electric motor through a double expand- 
ing pulley variable speed drive. The position of 
the expanding pulleys is determined by an actuat- 
ing cylinder that is connected to the bracket in 
which the pulleys are mounted. Extra V-belt 
drives from the motor, drive the oil pump and 
the coolant pump. By means of this hydraulically 
controlled pulley drive in conjunction with a three 
speed transmission, blade surface speed is infinitely 
adjustable from 40 to 10,000 feet per minute. 
Speed is regulated and registered at the panel 
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PRODUCT DESIGNS 






Clickless 


Combination Lock 




























A method for mechanically positioning the gates 
of a combination safe lock keeps the fence or bolt 
pull from touching any moving part until the lock 
is ready to open. This lock developed by Mr. An- 
thony Papini of Ridgefield, N. J. is claimed to DIAL of a combination lock is directly connected to the cam 
be pick proof. Safe locks made with this principle by the cam shaft. As the dial is rotated, a pin type key on 
are different from conventional locks where the each tumbler engages a keyway in the tumbler of the next 


higher order. If the dial is turned as many times as lock has 
tumblers, all tumblers will be engaged. 








fence rides directly on the cam periphery and pro- 
duces a give-a-way click whenever a gate passes. 

This new method, employs a light spring load 
latch that holds the fence away from the rotating 
tumblers until all their gates are correctly aligned, 
and includes means for releasing the latch when 
these conditions have been met. 

On the face of each tumbler and near its gate is a 
small semi-spherical projection. When the gates are 
being aligned in the unlocking process these pro- 
jections are also being aligned and are increasing 
the distance across the plates until finally they dis- 
place the latch and release the fence. Adjustments 
are provided to insure that the fence will drop at 
the point of maximum distance across the pile of 
tumblers. 

Each tumbler is made of two concentric disks. The 


outer plate contains the gate and fits around the in- FENCE LOCK as engaged with the fence is shown with the 
ner plate which rides on the tumbler post and car cam and tumblers removed. Adjustment screws are provided 
to give the lock variations in sensitivity. Flat disk spacers, 
loosely keyed to the tumbler post, separate the tumblers and 
prevent miscellaneous displacement by friction. 


ries the key and keyway. By repositioning the plates, 


the combination is changed. 





Heavy 
electric motor 
i 


Zufy 

















Magnetically Operated Disk 
Brake for Electric Motors 


Used for stopping the free rotation or coasting of 
heavy duty electric motors or other rotating machinery, 
this spring actuated magnetically released disk brake 
has a housing designed to permit adjustment of stop- 
ping torque and disk clearance without dangerously 
exposing any of the rotating parts. Made by Dings 
Brakes Inc. of Milwaukee, Wisconsin, the brake will 
fit on NEMA Type C flanges and can be connected 
to line leads of either 220 or 440 volts motors without 


1 E L 1 
changing the coils of the electro-magnet actuator 
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REAR OF CLICKLESS combination lock with cover removed FENCE LOCK is engaged in holding the fence aw 















By reversing the direction and turning dial to predetermined from the cam and tumblers. Each tumbler and 

positions, each tumbler can be stopped when its gate is Opposite carries a small semi-spherical projection wl 

the fence. When all the gates are aligned the fence lock releases on spacers (not shown) on its forward side at its g " 
the fence which engages the cam and the lock can be opened ind a thrust washer keeps all tl 


n i 


Where click occurs - 
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CAM IS KEYED to the dial shaft but the tumblers ride loosely and are free to tilt on the tumbler post WI hen the - » 
gates on the tumblers have been aligned ready to receive the fence, the semi-spherical projections become aligned " 
crease the — across the pile of tumblers, and tilt the thrust washer which releases the fence latch. The fer irop 


the gates and the lock is ready to be — In conventional combination locks, the f 
When the cam is turned an audible click is produced as the gate passes the 


[enc 


HOI SING OF THE BRAKE is made in two mating 






bell shaped sections. The cast iron main section bolt 
to the dd motor, serves as a mounting brack 
for M two main support brake studs and enclos 
all t rotating par T! outer n held it 







sa by four screws and covers the electro-mag | 
assembly, the actuating springs and the adjustment 
nuts, By taking out the | four holding screws, this se 
tion of the housing can be removed and the adjus 


ment nuts exposed It is made of ist aluminun 
minimize over-hang weight. The rotating frictior 


disks are molded asbestos ind the stationary disks 







are cast iron. Two symmetrically mounted magnet 
supply the forces to OLIES the springs and relea e 
the brake. A cam type release lever permits 

release of the brake in case of powder | 
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PRODUCT DESIGNS 


Shuttle Car With Hydraulic Controls 


Coal miners consider maneuverability and capacity the Locomotive and Car Equipment Department of Genera! 





two most important characteristics desired in the con- — Electric Company for their new shuttle car, eliminate: 
veyor type shuttle cars they use to transport raw coal the need for wheel turning clearance and permits th: 
from the coal face to the secondary heading of the use of a wider conveyor belt, thus increasing capacity 
mines. In conventional wheel driven cars the steering Hydraulic controls have been applied to the crawler 
linkage and wheel turning angles limit the extent to design and remove the need for complicated mechanical 
which these qualities can be exploited. steering linkages as found on wheel cars. With one 


The crawler type track laying carriage adopted by the track locked, the car will turn in a 14 to 16 ft radius 






e : Hydrau c Sustem 
able spoo/s Storage 
Elevated )nv&y anh 
! 
— M 
ho a 
~ T JA e 
e f 
t 
, t; 
y Y t L J 
1 à 
Hydraulic tor WA e 
: e 9 
cylinder T Lt 
X i | dieu 
7 —N -- je- nd - 
I gp" E prm ' A 
C + {ke 
——— 7 
H H B LL ALI 
\ 7 VS FJ 
Cobie ree/ motor S = 
a ture broke 
IRACK LAYING shuttle car, exerts a ground pressure of HYDRAULIC CONTROL CIRCUIT. The electric circ 
15 Ib per sq in. fully loaded. The cars are available in is broken and hydraulic pressure is applied to the steeri: 
zes with capat of 14 ft to ft brake on the motor by advancing the brake valve le 


Plvwood Plating Tank 





Plywood is being successfully used as the material in 
tanks for electrolytic baths of ferrous chloride with 
a ph factor of about 0.05. The material is high- 
density plastic surfaced Douglas fir plywood made by 
several plywood manufacturers. 

When fabrication of a plywood tank is finished it is 
sprayed with 6 coais of phenol-vinyl paint. Damage to 
the inside of the tank can easily be repaired by cither 
repainting or replacing the damaged part. The cost of a 
plywood tank is said to be 15 to 20 per cent the cost of 
an equivalent steel tank. 


Because plywood doesn’t split, filters can. be made 





from panels half the thickness of solid lumber, dou- 


PLYWOOD TANK above is 3 ft wide, 5 ft long, 4 ft 
leep and has a 350 gal capacity. The end sections ar 
least two years mortised into the sides and all joints are sealed with 
when filtering common industrial solutions MMM rubberized compound. 


bling the capacity of the filter rack. The filter material 


is nylon cloth and is claimed to last 





J 
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Foot switch (determines direction) control 
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IHE TRACK CARRIAGE is hinged to the | at : 
track drive end, and is flexibly connected to the body on through single gea I} 
the front end by means of a bar type torsion sp 
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| pring p 
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FILTER AND OVERLAY of standard Douglas fir ph 


p! SPRAYING TANK COMPONENTS with phenol 
ATK wood treated ith phenolvinyl paint TI «i EB: paint. The thinne i j NT 
wood treated with phenolviny paint xe plywood is paint h unness of plywoo 
l said to outlast the solid wood but both materials maintait lura E lou! les th ipacity of filt ! | 
good acid resistant qualities after treatment ition keeps tl ost of 
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In addition to the physical factors that 


govern the reactions of spring materials to 


varying service conditions, there are other 


design factors such as coil construction, 


calibrator design and space considerations. 


THE PROPER CHOICE of 


1 
0 terial 
ring materials for 


smt computing and Other 
precision measuring devices deter- 
mines to a large extent their overall 
accuracy of indication. In addition, 
the conditions under which these de- 
vices operate vary considerably, so 
that several factors other than thosc 
that influence accuracy should be con 
sidered in designing the required 
springs. These factors include com- 
pensation for temperature chang 

design of calibrators, provision for 
simplicity of calibrator adjustment and 
allowance of sufficient space for oper 


tion as well as installation of a 


Sources of Error 


Drift. The physical and mechanical 
pny 

properties of spring materials have an 
important bearing on spring accuracy 
A peculiar property of spring ma- 

perg | 

terials is one generally known as 
, l 


reep.” Whenever a spring is ! 


for an appreciable length of time, it 


1 ] 
oaded 


indergoes two different types of de- 
formation simultaneously. The spring 
appears to deflect immediately with 
the application of load and reach 
stability. But if accurate measure- 
ments are made, it will be found that 
a second or delayed deflection or 
‘creep” takes place. This movement 
may continue for minutes, hours or 
even days, depending on the fiber 
stress of the spring material or on 
the work hardening taking place. 

In recent years, the term "creep," 
as it exists at normal temperatures, has 
ome to be known as "drift." Fig. 1 

a diagrammatic representation of 
this term. The meaning of "creep" 
has therefore been modified to apply 
pecifically to plastic flow at elevated 
temperatures 

A steel spring normally has a 
"drift" error of approximately 0.02 
percent of deflection after one hour 
of continuous loading, and about 0.065 
percent after 24 hours. If the same 


spring is made of special alloy such 
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as Iso Elastic, the total error can be 
reduced to approximately 0.01 per 
cent in 24 hr of continuous loading 

For temperature compensated pre- 
cision weighing scales, the National 
Bureau of Standards specifies in Table 
6 of Handbook H-44 that 30-Ib com- 
puting scales must not have more 
than 0.065 percent total error in capac 
ity. This figure also includes errors 
caused by temperature and calibration 
so that "drift" error must necessarily 
be considerably less than the maxi 
mum specified. 

The greater the working stress and 
the higher the temperature, the mor 
nearly viscous (irrecoverable) is th 
character of the "drift." For example 
if the load of the steel spring men 
tioned above is doubled (within th« 
elastic limit), the "drift" error would 
be 0.08 percent in one hour and 0.3 
percent in 24 hours. 

A rise in temperature increases thc 
"drift" rate, but complications arise 
in determining the amount because 
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Modulus 


Percent ot 





Modulus 


8 


Percent of 





Delayed 


"deflection Load released | 
t 


Deformation ———» 


or purposes of :/lvstration, amounts of “Delayed deflector 
ond “Delayed returna” ore greatly exoggeroted 


OO 
VU 


Temperature, F 


Fig. 1—"Drift" is the delayed deflection that takes place in a 
spring at room temperatures after a load has brought about 
immediate (noticeable) deflection. Term "creep" applies to 
delayed deflection which occurs at elevated temperatures. 


Fig. 2—Elastic modulus of spring steel decreases appreciably 
as temperature rises, resulting in change of strength and rate. 


the modulus of elasticity of the ma 
terial also changes with temperature. 
Fig. 2 shows the effect of temperature 
on the modulus of elasticity of steel, 
and indicates the severity of change in 
strength for steel springs heated above 
100 Fahrenheit. 

Straight Line Error. Hooke's law 
states that a straight line relationship 
exists between load and deflection, but 
recent investigations have proven there 
exists a deviation known as "straight 
line error." Sayre and deForest proved 
by mathematical analysis that this error 
can be brought under control when 
the spring is properly proportioned 
and also by using rectangular-section 
material. Best results are obtained by 
using a spring index of twenty (ratio 
of mean diameter of spring to wire 
thickness) and a rolling ratio of three 
(width of material to thickness of ma- 
terial). Fig. 3 illustrates these ratios. 

Hysteresis. One of the important 
properties of springs used in high 
accuracy devices is mechanical hystere- 
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For Rectangular Wire 


sis or "back error." This term de 
scribes the lag in the deformation of 
an elastic material during removal of 
a previously applied load. The load- 
deflection curve or hysteresis loop 
illustrated in Fig. 4 represents a spring 
at four successive points in a load 
cycle—at half load, full load, back 
half load and zero load. Although 
the curve begins at zero and ends at 
precisely the same point, the halves of 
the loop coincide only at full load. 

Most materials have a “back error,” 
M-N in Fig. 4, amounting to 0.1 to 
0.2 percent of total deflection. For 
the special spring materials, such as 
Iso Elastic, this figure is considerably 
less and is usually no more than 0.02 
percent of total deflection. 

Modulus of Elasticity. The thermal 
coefficient of the modulus of elasticity 
determines the change in the rate of 
a spring resulting from a change in 
temperature. Spring steel, for example, 
has a temperature coeflicient of —190 
< 10*/deg. F, whereas special spring 


Rolling 
= 


ratio 


Detiecticn 


Fig. 3—Experience has shown that springs formed from 
rectangular wire function properly when the rolling ratio 
is three and the spring index is twenty. Adherence to 
these values prevents occurrence of straight line error. 


Fig. 4—Hysteresis loop for complete loading cycle shows 
“back error” caused by “lag” in material as load drops. 


have 
1 


4 


alloys 
Z 108/ 
F. The 
coefficient 


sign 
iae 
tion of change, i.e 
a decrea 
weakenit 


dicates 
or a p 
increasing te mpe 
that deflects 1 


00] 


0 1n. à 
t 30 F Or à 
0.009 in. for a change of 
same spring made of Is 
terial having a 
10 x 10? would exhibit 
i 0.0005 


U in. at 


1 T. 
thermal cofficient of 


a differ 
ce in deflection of only 
the s 


in 
SO-F tempe rature varia 
Table I lists several spring ma 


ime 
alli 


ton 
terials, their properties and uses 

Materia Each material 
listed in Table I has properties that 
dictate its use in « | 
The end use 
which material 1 both 
from a cost point view as well as 
satisfying loading requirements 
On the other hand, other factors such 


Spring 


ertain applications 


generally determines 
s best suited 
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or 


for 
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to affect the overall a racy OI th« 

indicator rea ling If yrrosion resist Precision 

ance is important si | springs can „extension springs 
1 ! r - ü 

1511V pe cadámium-pia 1 or Zim 

plated. However. if electrical condu 


tivity is also required, then beryllium 
copper or phosphor bronze should 
ne essarily be chosen Whenever the 
ter i rature range ot a piven appli 


tion is such that ina rate readings 


ITC-COIT pe n 


spring is extended, and, 


nce the length of wire in the spring 
l onstant, rotation of the end hooks 
occut By making a spring in two 


equal parts, one-half as a right-hand 
helix and the other as a left hand 





neu 
tralized and the end hooks remain in d à 


I 8 


pre- 







ion weighing is calibrated to a rate 
within specified tolerances. The rate of 


1 Sprin ) í o! ill l by divi ling a 
hange of load by the corresponding 


anpe in lefl tion the result being a 





ind its proper assembly on the end of 


per if yr denect n [ th coil of a spring arc shown in Fig. 5 
Pl tor ut u ttendant co This type of calibrator is used exten 
I] for precision sively with rectangular extension 
prir | in computing and similar springs in precision scales (Fig. 5) in 
id to which straight line characteristics as 
) per | ate well as calibration are important. If 
Springs for aircraft h as spiral recalibration of the springs is neces 
rit for f How! or € wy, care must be taken in moving this 
tension springs for motor governor ype of alibrator, because inaccuracy 
req of approximately will result if the clamping arm is not 
1.0 pen ent of tl pring rat properly replaced It is important that 
Calibrator Io mect and maintait tl il and the shim be seated com 
xacti f eme f pring rat pletely on the bottom of the clamping 
alibrator l. Most calibrators leg prior to retightening the self-tap 
NSISE I t t } f I ng screw 
that ! n carefully designed. It i For springs made of round wire, 
tached to th f t] ther types of calibrators are generally 
in à position. that. gi t lesired |l. The two sheet metal designs 
load-deflection haracterist I hown in Fig. 6 are limited in their 
location of the ca rato leter f l Isage because th« height of the lug 
by moving it about the end coil until nust be greater than the maximum 
the pro f leflection per coil. When this is not 
Ih eet metal type of « Vibrator the case, the number of active turns 
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HD Last. 
“active coi -- 


First ^ 
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Fig.7 





will change as the spring is extende 
to full capacity If the last active coil 
leaves the calibrator during the load 
cycle, the condition known as “leavin 
the calibrator” occurs and the per 
formance of the spring is influenci 
to the point of changing the spring 
rate 

The plug type calibrator illustrated 
in Fig. 7 is designed to overcome th 
problem of “leaving”. This calibrator 
has a standard V-type thread machined 
on the OD and the "spring end is 
milled to provide a definite "leaving 
point" for the last "active" coil. This 
type of calibrator is used extensively 
in the aeronautical field where the 
best possible straight line relationshi; 
must be obtained with round wire 
springs. Additional requirements ar: 
minimum hysteresis and "drift" errors, 
and a minimum change of spring rate 
resulting from temperature variation 

The plug type calibrator should be 
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Table 1 — Properties and Uses for Various Spring Materials 


Material and Nominal lemp. Coef. of Special Properties 
Composition, % Modulus of Elast. Typical Applications 


Iso Elastic 10 10` °Ħ/deg F Low temperature coefficient of F 
Nickel 36.0 5 i deg F good corrosion resistance, hystere 
Chromium 8.0 sis and drift properties 
Molybdenum 0.5 Temp. compensated springs for 

weighing devices, computing scales 

and aircraft instruments 


Ni Span C 10> 10 “/deg I Low temperature cocthicient of I 
Nickel — 42.0 to +10 10 ^ "/deg F Instrument springs where tem 
Chromium 5.0 perature change is important 
Titanium 2.5 
Carbon 0.06 


Beryllium Copper 15 10° °/deg E Good «corrosion resistance. and 
Beryllium 2.0 electrical. properties 
Copper 98.0 Electrical instrument springs, 
hairsprings and motor brush 
springs 


Phosphor Bronze 46 10° °/deg F Good corrosion resistance and 
Copper 92.0 electrical properties 
Tin 8.0 Electrical switches, motor brush 
springs and hairsprings 





Spring Steel 10 "/deg I High elastic limit 
Carbon 0.6—0.95 General use. 
Manganese 0.3—1.10 





Fig. 5—Precision computing scale has two temperature-comipensated extension 
springs that are calibrated to accuracy of 0.1 percent of the spring rate. Details of 
sheet metal clamp show proper positioning of arm and shim on rectangular wire. 


Fig. 6—Sheet metal calibrators for round-wire springs are not as accurate as clamp 
type because height of lug exceeds maximum deflection per coil 


Fig. 7—Plug type calibrator permits precise calibration of round-wire springs by 
keeping last "active" coil and first "dead" coil in relatively normal positions. 
Milled "step" provides a definite "leaving point" for last "active" coil. 


Fig. 8—Precision round-wire spring in Abraham consistometer has a plug-type 
calibrator at each end. Accuracy is about 0.4 percent of spring rate. 


nstruments and 
larly small and 
the spring sho ild | 
cipal element of the design 


the spring design 


Es de 
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Unclinche d 


Alumin (soft 

3S0, 52S0, 61S0, 
Alclad 24SO, R301-0, 
R301-W, 75SO, 75SW 

4 hard) 

3S-H 14, 525-H34 

Aluminum (hard) 
61ST6, Alclad 24ST3, 
Alclad 24ST36, R301-T, 
75ST6 


Aluminum extrusion 


1010 Cold-rolled stee! 


Hot-rolled steel 


Galvanized sheet 
tainless, Type 302, full 
ard 


c 


Stainless, 4% hard 


Xtainless, kj hard 
tainless, anr 


heet br 


! SOR BB or softer 
Must be soft « ig! 
3 Grain structure may 





to allow 


HH HUE LLLI LL 


Design Data for Metal 


TYPES OF STITCHES 


Standard loop 


MAXIMUM 


(in.) 


0.093 


0.064 


0.040 


0 


0.064 


0 


Loop-clinch stitch 


Metal to 
Metal 
thicknesses 


Non-metal 
'thicknesses 


093 0.125 


( 0.080 


040 0.064 


By-pass 


loop 


Outside loop 


WHEEL LLL 1 


HEEL 


Flat clinch 


Perpen 


STITCH PENETRATION 


Leather 


Sheet 
asbestos 





0.062 


0.0475 


0.0475 
0.0348 
0.010 


0.012 


0.015 


0.020 
0.030 


0.035 


Parolle! 


0 


062 0.093 


0.0475! 


0 


0 


0.080 


0348! 


0348! 


0.010 


0.012 


015 0.030 


0.040 


0.050 


035 0.064 


020 


030 





a" 
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Standard 


Stitch 


14 | Fiberboard - 


Sponge 
rubbef 


Solid rubber 
Pheno!* 
Plastics? 
Masonite 


Tempered 
Masonite 


Solid wood 


penetration without cracking 
cause leg wander in thicknesses over 
* Stitching full-hard or ha 


$ in. 


lf-hard stainless to itself not recommended. 


0.19 


mn 


Aluminum (soft) 
3SO, 52S0, 6150, 
Alclad 24SO, R301-0, 
R301-W, 75SO, 75SW 
Aluminum (!4 hard) 
3S-H14, 525-H34 
Aluminum (hard) 
61ST6, Alclad 24ST3, 
Alclad 24ST36, R301-T, 
75ST6 


Aluminum extrusion 


1010 Cold-rolled steel 


Hot-rolled steel i 


Galvanized sheet 


Stainless, Type 302, full 
hard 


Stainless, 14 hard 


Stainless, Kj hard 


Stainless, annealed 


Sheet brass, soft 


Sheet copper 


à Paralle 
Flat-clinch stitch pina 
Metal to 
Non-metal 
thicknesses 
in.) 


Metal to 
Metal 
t icknesses Diagon 


0.093 0.093 


l'ensioi 


0.080 Leather ty 
| Butt 


Sheet | |. e D. 
asbest | Re 


0.064 


062 0.093 | 4 
0348 Sponge 
rubber 


0.0348 | 0.0348 Solid rubber 


0.0312 | 0.0312 Phenolics! 
0.010 


Plastics? 


Standard 
Masonit 





Example: A sheet of 0.093 in. 24S0 Alclad can be stitched t 


0.020 in. sheet of annealed steel with either type 


of stitch. T 


same Alclad sheet can be stitched to in. thick tempered Masonite. 


D 10 
0.19 


min 


Q. 5 


min i , 
TUTTLE EEUU EU Oo 


RECOMMENDED MINIMUM SPACING (based on maximum holding capacity) 


Diagonal Stitch 





45 deg 


WANT 
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Wire Stitching E 


TOULEHELLLLLLLELLLLLTETLLELEETLLEETELELEEELEEETETELEETETLELEEEEEEELELELETETETLEELEEEETETEETETITTETTTTETETTETEELLE ELE LEL ELLE ELLETLELEELEEETEEEEEETETEEETEETEEEEETLELELLLLLE 


STITCH STRENGTH WIRE SIZES AND PROPERTIES 


timate Shear Strength using Type 290 wire, flat clinched STANDARD SIZI 
through 24 S T aluminum. 


Thic kness of Sheet, in 0.0 032 | 0. 040 ] 0. 05 1 


— Sew Strength, 


Type of L oading lb. per stitch »r more 


j m 1 
1.5% of all applicat 
0.5% or less of all a 


Perpendicular 1 557 601 


—— uh i PROPERTIES 
Parallel 7 480 _——[— 


oni — bep padbidt Em Pc Tensile 230 220,000 to 2 
Same as perpendicular Strength 260 250,000 t 
but preferable because of Hi-Carbon 290 290,000 : 

Diagonal of both parallel and types (psi 330 120,000 t 
perpe ndicular coverage —— " 

ai Ductility All sizes and grades withsta 
without fracturing or breaki 
l'ension* 5 196 | 232 252 po Men 


Finishes Tinned, Galvanized, Liquor 


ee mercial standards 
| Butt = - Not Recommended Mine pai 


cdm dm eniin ipea Size Plus or minus 0.001 in. to 
* Recom: mended - sdalenlas material only Tolerance | and not more than 0.001 in 





0.25 in E i 
-- u—.—— 
[raw tube dia HOIN 


I.. 


LLLI 


- 


_ Brittle plastic, Non -meta 
asbesfos, efc MONS, n 
0.020+«0.25 | | OGOQOOQOQOQUOQOC d O00. 
—t AR 


x 


backing strip, ^ A 
(Necessary only 0.50 | 
Yo prevent 4 H 
cracking) P A 4 


stitching machine dimensions 

shown above. Maximum jaw opening 
s 0.75 in. Limiting dimensions of Oa Ae 

jpical sections are given at the right — 1 


*x«Q.3/ rmrimimurm for | 
aluminum alloys, i 
fofa/ thickness < 0.040 in 088 f 

r 


x=0.50 for all other cases min *» 


BASIC MACHINE DIMENSIONS—TYPICAL STITCHED SI zZ 


Ü 

i 

À — 

De ee » 
podere co rA a m 


4 a PAS janaan 
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Wax Filamented Model Billets 
Aid Study of Material Flow 


tion, the model mill maple wood is used for 

| and 2, was of shoes, outlet guides, 

points. 
signed to be highly Although the model mill is pattern 
in adjustment and settings after production equipment in all « 
ire driven by a worm and sential respects, the rolls are somewh 
ir through flexible shafting longer in proportion to their diamet 
irlable speed d-c motor. Any than are those in the production mil 
1 roll speed from 22 to 88 rpm 


tainal 
alllabpit 


This departure allows more latitude 
The roll obliquity angle experimenting with small roll angl 

be varied from 0 to 15 deg. Ad- than is available on the productio 

stment of draft and shoes is accom mill 

plished | 


in 


means of screws A quick release mechanism permit 
Since the wax billet is pierced at a stopping the piercing action at ar 
working temperature of 11 


110 to 115 F, hard desired point. As shown in Fig 
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Upper shoe adjusting 


hondwheel Fig. 2—Open construction of the 


model mill aids visibility of the 

working parts during operation. To 
Hinged roll obtain latitude in experimenting 
carrier with small roll angles, the rolls in 
the model mill are longer in pro- 
portion to their diameter than are 
those in the production mill. 


Release 
lever 





Fig. 3—Equipment for molding 
color filamented wax billets. (A) 
Cylindrical mold. (B) End plates 
and core wires. (C) Cored billet in 
place for injection of filaments 
(D) Stool containing molten col 
ored wax. Cored holes are filled by 
pumping the billet up and down 
like a piston. (E) Sleeve to contain 
overflow of colored wax. 


Fig. 1—Model piercing mill constructed for forming 
wax filamented billets into hollow cylinders simulates Fig. 5 
rolling and piercing of the Mannesmann process. 
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J. L. HOLMQUIST 


Director of Research, Spang-Chalfant Division, 
The National Supply Companv 
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t iF 
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jie 


Displacement and change of shape of col- 


twewnii 





















ored wax filaments in a wax billet show 


^ 
* 






' 


how material flows in the stages of the 
Mannesmann process. Analysis of observa- 


tions in terms of the type and amount of 





deformation the material is subjected to 


in the rolling and piercing operation. 






the roll carriers are hinged so that the the mold, the core wires are with ezin 











rolls can be swung outward away from drawn from the billet, and the holes the mill 
the billet by springs when a latch formed by the wires are filled with Although the 
mechanism is tripped molten wax of the same composition luces filamented | 
The model billets are made by cast- except that a wax-soluble dye is added. factory for | 
ing molten wax into a mold, Fig. 3 [Ihe holes are filled by pushing or | 
ontaining ten core wires. The wires end of the cored billet into a cor S 
ire spaced radially in the mold on two of molten colored wax, then pum} dong th 
liameters perpendicular to each other; the billet up and down lik tion of a 
six wires on one diameter and four on The properties of the wax ar Work is ng dor 
the other. The spacing of the four that it is firm at room temperatur: niformity of 
wires on one diameter is such that plastic over a wide enough tempera After piercing the wax t or 
radially they fall between the six wires ture range so that temperature contr odel 
on the other diameter. After solidi for piercing is not too critical, and i to reveal the filaments, | t. Fr 
fication the wax billet is stripped from not too “slippery” to prevent the 
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ition of the filaments as com- 
with their shape and position 
rinal billet, deductions are 

to the type and amount of 
iterial is s ibjected 

the r [ ind piercing. opera- 


In t piercing of a billet certain 
fori ( r that are essential 

) the change in shape from a solid 
hollow cylinder. In addi- 

tion, other deformations occur that are 
nessential to the shaping operation. 
In this discussion, the essential de- 
formations will be referred to as 
"basic" deformations and the unessen- 
tial ones will be called "redundant" 


deformation 


Basic Deformations 


An original billet having the length 


| is shown in Fig. 5(A) and the 
pierced shell made therefrom having 
the length L is shown in Fig. 5(B). 





160 


Fig. 4—Sections of filamented wax billets. (A) Section 
showing pattern of filaments. (B) Pierced billet show- 
ing deformation of filaments. (C) Partially pierced bil- 
let showing degree of twist in outermost fiiament. 





























Since the volume of the material is 
the same in both and the length of 
the shell is greater than the billet, the 
cross-sectional area of the shell is 
smaller than that of the billet. 


To present briefly the method of 
transposing the pattern of the fila- 
ments used in the billet into their cor- 
responding pattern in the pierced 
shell, imagine the billet to be made 
up of four telescoped tubular elements 
and a central solid core element as 
shown in Fig. 5(C). When this billet 
is pierced into the shell shown in Fig 
5( D), the original elements are trans- 
formed into the tubular elements as 
respectively indicated 


The cross-section area of the 24 ir 
dia billet is 4.909 sq in., and that of 
the 24 in. O.D. by 14 in I.D. shell is 
3.242 sq in. The length L of the shell, 


therefore, will be 


L = 4.9091/3.242 = 1.515 


In Billet 
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Fig. 5—(A) Original billet. (B) Shell made by piercing original 
billet. (C) Tubular elements in original billet. (D) Position of 
corresponding tubular elements in pierced shell. 


Table I—Outside and Inside Diameters of Elements in Billet 


and Shell 





In Pierced Shell 
Annular 
Annular | Area A, |O. D. |I. D., 
Area Ap,| —0.66 As,| in. in. 
sq in. sq in. 

1.767 1.164 
1.375 0.906 
0.982 0.648 1.933 | 1.710 
0.589 0.389 1.710 | 1.556 
0.196 0.129 











the billet, therefore, clongates 51.5 
percent during piercing. Since all th: 
billet elements are stretched out to 
the same length of shell, they all elon- 
gate 51.5 percent. Since the volum« 
of each element remains constant, th 
annular area of each element after 
piercing is 1/1.515 or 0.66 times its 
area before piercing. From these 
relationships, data like those shown 
Table I are calculated. 

As can be noted from Fig. 5(D) 
the thickness G, of element No. 1 
less than thickness of g, of the corre 
sponding element in the billet. Since 
the outside diameter of element No. 1 
is the same in shell and billet, the re 
duction in thickness results only fron 
the lengthwise elongation of the ma 
terial. The thickness of the elements 
is reduced more and more as the inner 
surface is approached. 

For the inner elements, the diameter 
of the elements in the shell is greater 

















Fig. 6—(A) Circumferential shear displaces filaments that 
were originally on a radius in the billet to positions on a 


spiral curve in the shell. 
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Fig. 7—Photographs of transverse sections through filamented billet at four stations along the 


length of the piercer point, which show experimental evidence of the circumferential shear. 


than that of the corresponding ele- 
ments in the billet, consequently, the 
material in these elements is stretched 
or elongated circumferentially. The 
reduction in thickness of these ele- 
ments results from both longitudinal 
and circumferential elongation. 

The foregoing remarks apply only 
to the overall change from billet to 
shell. What is happening just where 
the point is making the hole in the 
billet cannot be so simply predicted. 
ransiently, where the point is open- 
ing the hole, for example, the longi- 
tudinal extension may not be uniform 
across the section. This experimental 
method will enable a pe on such 
questions. If the longitudinal exten- 
sion is not the same across the section, 
then some filaments will have different 
reas than the others. 

When a given billet is converted 
into a given shell, the basic deforma- 
tions are inherent to the change in 
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size and shape. Since these deforma- 
tions are governed by the geometry, 
the material obviously makes no dif- 
ference in the results obtained in 
piercing. The wax billets, therefore, 
show the same degree and distribution 
of the basic deformations that occur in 


a steel billet when it is pierced. 


Redundant Deformations 


Three redundant deformations are 
observed to occur in the piercing of 
wax billets. These are: Twist; cir- 
cumferential shear; and longitudinal 
shear. Twist is evidenced by the spiral 
filament seen in Fig. 4. Circumferen- 
tial and longitudinal shear are shown 
diagrammatically in Fig. 6. Experi- 
mental evidence of the occurrence of 
circumferential shear is shown in Fig. 
7, and in Fig. 8 the occurrence of 
longitudinal shear. 

One way of visualizing the circum- 
ferential shear is to imagine the shell 


Fig. 8—Section of wax shell 
showing longitudinal displace- 
ment of the helical filaments. 
The direction of billet travel in 
piercing is from left to right. 


to be made up of thin close fitting tubes 
telescoped together. Progressing in 
wardly, as each tube is rotated a 
small amount it carries the outer ones 
with it, so that the total angle through 
which the outer surface is displaced 
with respect to the inner surf 
the sum of all the angula 
ments given to each of the 
type of deformation is re 
filaments as shown in | 
filaments that 
along the radius cc 
displaced to positions along tl 
tt as a resi idt of circumferential shear 

Longitudinal shear, Fig. 6 (B), 
similarly can be visualized with the 
model of a shell made i 
thin wall tubes. In this analogy, the 
outer tubes are slipped forward rela- 
tive to the inner tubes, forward mean- 
ing the direction in which the billet 
is going through the mill. 

A question that naturally arise 


of telescoped 
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Deduction of Material Deformations 


From Shape and Position of Filaments 


Consider first the effect of the b. 


leformations on the position of 


| 
filaments in the transverse 
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Fig. 9—Effects of the basic 
deformations on the position 
and shape of filaments and 
arcs of tubular elements in the 
transverse section of the 
pierced billet. (A) Transverse 
section of billet. (B) Trans- 
verse section of shell. (C) 
Original circular filament be- 
comes oval. 


Fig. 10—Methods of measur- 
ing shear and of determining 
change in shape of filaments 
resulting from circumferential 
shear in processing operations. 





Fig. 11—(A) Longitudinal 
section of shell wall showing 
displacement resulting from 


shear. (B) Method of separat- 
ing the circumferential and 
longitudinal shear effects on 
the circumferential displace- 
ment of the filaments. In the 
shell, the filaments assume the 
shape of helical springs. 
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2 = outside radius of bill 
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rearranging the terms and ylving 


hence Eq (3) gives the value of th 
radius R in the pierced shell cor: 
sponding to a given 
original solid | 

An important relation that affect 
the shape of the filament is shown in 
Fig. 9(A). Consider tlx 
radius O that is expanded to a large: 
radius Z. During piercing of the billet 
the arc NN on the smaller circle is 
stretched to the arc N’N’ on the larger 
These ares § 1] tend the samé 


circie ol 


ircle 


entral angle, or the same fraction of 
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existing circumferential 
shear is shown diagrammatically in 
Fig. 10. Circumferential shear trans- 
poses the original circular section of 
the filament to an oval shape 
The magnitude of t lear is me 
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Fig. 1—Overall view of a differential analyzer. Several sets of differential equations can be solved simultaneously on the machine 
Or, if the problem is extremely complex, the entire machine may be assigned to the working of it. Input tables are at the right 
of the picture. These tables make it possible to feed graphical problems directly into the differential analyzer for solution 


Operation and Applications 


W. G. HEFFRON 


Analytical Division, 
Apparatus Department 
General Electric Company 


LIKE OTHER AUTOMATIC COMPUTERS 
such as that 
becoming at 
American re- 


kly and auto- 

S} stems of dif 

In addition to its 
putation, the analyzer 
the solution the effect 
lationships and empiri 
as they act tally aj pe ir 
in a guided missil 
rag effect of the air 
pends upon th 

tude of the missile. The 


solved by classical 


methods because it is impossible to get 
a manageable equation relating drag 
to speed and altitude. On the differen- 
tial analyzer the actual empirical re- 
lationship can be used, and the prob- 
lem solved easily. Of course, use of 
the analyzer does not relieve the en- 
gineer of the responsibility of prop- 
erly defining the system to be studied 
by a set of differential equations. 


When a 


rs it is usually because the 


The machine is accurate 
mistake o 
equations set up on the analyzer are 
not what the engineer means them to 

The user must find the basic equa 
tions that properly describe the sys- 
tem; must evaluate all the constants 
and functions; and must make sure 
that he has enough equations to com- 
pletely describe it. If there are five 
variables in. the problem (not count- 
ing time), there must be five inde- 


pendent equations—six would be r 
dundant and four would be insufficient 
for one of the variables could not | 
found properly. 

The differential analyzer is classed 
as an analog type computer. It does 
not solve the equations by manipulat 
ing digits but converts the elements of 
the equations into analogous mechani 
cal movements. Thus, a quantity 
whose value is two might be repre 
sented in the analyzer as two revolu 
tions of a shaft 

To expand on this explanation, con 
sider the problems for which the dif 
ferential analyzer is used. Ordinarily 
the system to be studied consists of : 
set of simultaneous differential equa 
tions. For simplicity, assume that 
each of the equations are of the forn 
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Fig. 2—Addition and subtraction section of the an- Fig. 3—Close-up of integrator section, which is the heart of the differential 


alyzer. Each shaft feeding into a differential mech- analyzer. This device performs the process of integrating one variable with re 
anism corresponds to a variable in an equation. spect to another variable. Above picture was taken looking down 


of the Differential Analyzer 


Speed and accuracy are the familiar attributes of automatic computers. 
This machine applies both benefits to the solution of differential equa- 
tions. For non-linear problems, the equation need not even be written. 


The analyzer can work right from the curve drawn on graph paper. 


It is desired to solve for dV /dt, E lutions to the magnitude of the 
and I (and eventually V itself) ac- ables is that the effects of gear | 
urately to two decimal places, or lash, dimensional inaccuracies, m 
within 0.01 of a unit. A shaft of the perature variations, etc, are minim- 
lifferential analyzer mechanism, pi ized 
tured in close-up in Fig. 2, is assigned Similarly, E and 1 are represented o: 
to the quantity dV /dt. To get the re- other neighboring shafts. Now that 
quired accuracy, the machine is cali the variables are set up in the machine, 
brated so that the shaft must turn 100 the next step is to provide for the 
revolutions to register a change of one constants of the equation. This is donc 
init in the variable. Thus, one revolu- by means of a gear train. For the 
tion of this shaft corresponds to a constant 0.1428, for example, a gear 
0.01 unit change in dV/dt. One bene- — train is coupled to the E shaft. The 
fit of using a high ratio of shaft revo- — gear ratio is selected so that the out- 
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The total 
angular travel or number of revolutions 
of the wheel is equal to the integral of the 


Fig. 4—Schematic of integrator. 


variable 7 with respect to x, times a 
constant. In actual machine, the turntable 
is made of glass. Integrator wheel turns 
on jeweled bearings to prevent slip. 











Fig. 5—Servo system steps up the small 


output torque from the integrator to a follow-up 
rnofor 


















magniture sufficient to drive shafts and 
gears in the analyzer. One scheme sketched 





above uses light beams and three pola- 
roid disks to minimize drag on integrator 






Fig. 6—Either multiplication or division 





can be accomplished by means of the me- TÒ photo celis 
chanical system pictured at left on the ad 
joining page. At right, the system is shown 


schematically. The x, v and z distances 





are controlled by separate leadscrews. 
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Fig. 7—Input table is used to insert non-linear functions into the machine for solution. 
The equation of the curve need not be established. As the tracing head is moved over 
the curve, the function is entered automatically. This feature is an important time-saver. 
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A Output x CZZ22Z244 4442424) LLL Lh 





Operofors 
crank 


Input 


Fig. 8—Schematic of input table set up for non-linear function of two variables. The 
graph is a family of curves, Automatic curve followers are available for machine. 





ind z to find the shaft for magnetizing current, al- 

the machine drives the x — ready determined by another equation, 

shafts and an operator varies is geared into the table to drive the 

y to keep the indicator / on the diam bulls-eye horizontally. An operator 
line D. For division, (given y turns a crank geared into the vertical 

ind z to find x y/z), the machine _ to keep the bulls-eye on the curve (the 
tri y and z and x is controlled to line between white and black). This 
keep the indicator on the line rank would, at the same time, drive 
; the flux shaft in the machine proper. 

Insert f Non-Linear Functio? An automatic curve follower, using 
In a problem involving transformers, phototubes to detect the curve, can be 
one of the eq ved might employed in place of the operator. 
ry to descr the relationship be Thus the true, exact relationship be- 
tween flux and magnetizing current tween the two quantities is incorpor- 
But h equations are complex. It is ated in the solution. Without the dif- 
far simpler to use a graph of the rela ferential analyzer or other such com- 
p and insert it into the analyzer puters, the solution of such equations 

y means of an input table, such as involves laborious hand calculations, 
wn in Fig. 7. For this solution, which actually employ the same general 
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does but 





method the analyzer 
much slower rate 

In a more complicated case wh 
onc quantity 1s a function of two 
ables, the graph is a family of curve 


For example, atmospheric drag on 
aircraft is non-linear, empiri 
function of locity and altitu Ie 


graph is made of drag (x) vers 
velocity (y) for various specifi alt 
tudes (z,, Z», 23). As pictured in I 
8, the machine drives t he vertical shat 
(velocity); the altitude shaft drive 
a counter; and the operator rotates t! 
horizontal shaft (drag) to keep 
bulls-eye in the proper position, 
terpolating between the various alt 
| curves as necessary. Followin; 
a similar method, a function dependen 
upon the values of three variables ha 
been generated, the graph being i 
the form of families of curves 

The cover plate of the input tab! 
can be removed to disclose the polar 
table, which is driven by a third shaft 
independent of the horizontal an 
vertical drive shafts. This polar tal 
may be used to feed inputs into th 
machine if the problem incorporate 
polar coordinates, or to plot an outp 
in polar coordinates. It may also | 
used for generating special functior 
and to perform a multiplication « 
division of one variable quantity | 
another variable quantity as alread 
explained. 


Solution of Equations: Presentation 
Results 

The engineer, having decided wh 
equations properly describe the sys 
tem and having decided how to repr: 
sent the non-linear or empirical fun 
tions that appear in the equations, now 
decides on the accuracy necessary fo 
a satisfactory solution. A schemati 
like that in Fig. 11, of the analyzer 
it is to be set up is prepared. The e: 
gineer must also observe the limi: 
imposed by the analyzer. For exampl 
the integrand must not be greater tha 
+64 or the integrator wheel will ! 
driven off the turntable. If he know 
that this would ordinarily happen, 
can be circumvented by not solvir 
for, say, 


xut for 
1 fi 


2” i | 2 dt 
\ 

by which arrangement the leadscrev 
is held within range. The user m 
know the machine. 

On the other hand, the accuracy « 
the integrators is lowest when the in 
tegrand is small. In such a case wher: 


say, dv/dt ranges only between + 
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s, for dv/dt a evel of on 
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ot | neasured as a ely as 
n t revolutions are re | ired to 
e à unit change... Common sens 
d experience must, therefore | 


ed throughout this important st 
setting up the machine 

The engineer must then compute 
initial 


les are to be. 


th vari 


hat the values ol 
In an electrica 
n, for example, the initial 

various currents, voltages and im 
dances must be known. In a ballis 
s problem, the position, the sj 


nd the a 


l| mrah 
i proi 
values of 


»eed, 
: sc tn 
eleration of the bullet as it 


the rifle must 


Caves be available 
Lastly, the engineer must decide 
what results of the solution are import- 


| 
nt, and whether to use graphs or coun- 


method ot 
the 


rs as the 


| he 


pre sentation, 


$ 


output of integrator se-tions 


in be fed into a plotting table, Fig. 
to control movement of a drafting 


pen. The solutions to the, problems 


presented in graphical form. Or, 
numerical solutions can be obtained 
y coupling digit counters to the in- 


grator output shaft 


nple Pr ble m 


As an illustration of how the analy- 
is used, consider the problem of 

the recoil of a machine gun while 
hring. lt is desired to determine the 
effect of the strength of the recoil 
spring and buffers on the rate of fire. 
A schematic of the system is shown 
n Fig. 10a, where the recoiling parts 
of the rifle are lumped into a single 
mass M and the recoil spring and 


er JS 


Rigid support 
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Fig. 10—Helpful sketches for visualizing sample problem describedin text: 


iffers are represented by a spring 
l he 
n this system is that 


fundamental equation involved 
force equal mass 


times acceleration, which may be writ 
ten as 


| " 

Ihe torie is n idc on two co 
ponents, One of which is due to the 
burning of the powder, F,. the other 

e t 


from the recoil spring and buffers, 
F, which by definition act in opposite 
directions. Thus 


I F,-— F 


Ihe engineer now determines the 
nature of Fp, probably by actual firing 
tests on the gun. A typical plot of the 
variation of this force with time is 
shown in Fig. 10b. By choosing the 
i 


types of springs and buffers to be 













































































































































































































































Fig. 9—Output Table. The responses of a system with several variations of components 
are plotted on one sheet of paper for easy comparison 
in both directions by the machine as it solves the characteristic equations of 


Explosive force (Fo) 





The pen is driven automatically 
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(a) Schematic of machine gun system; (b) Plot of 
orce from powder versus time; (c) Plot of spring and buffer forces. Object of the problem is to select proper recoil system 
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Fig. 11—Schematic of analyzer arrangement for the 


sections can be followed up to the presentation of 
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Fig. 12 
tion and speed of the gun during firing and also the 


Before design of gun is complete it may be 


Possible output curves for machine gun problem 
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nachine gun recoil problem. With 
this sketch, the flow of the problem from input tables through adding and integrating 
results on the output tables. In all 
except the simplest problems, it is necessary to prepare sketches before solving them 
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force exerted by the recoil spring 


and buffer assembly. The hump in the F+ curve occurs when the gun hits the buffer 
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w initial con 
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engineer is satisfied that this has | 
reached, he can, by measuring the tin 
between rounds determine the rate of 
fire The machine will be stopped 
he F, plot changed to represent dif 
ferent spring actions and a new rut 
nade in the same manner. The out 
put plots may be as shown in Fig. 1 
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I he industrial designer also looks hard and loi it the extensive new tooling is included in the deve lopment i] 





























petitor s produ ts. if for |) other reason than to make propriatiot production sper ifies exactly what process 

that the new design will be distinctive in ippearance to be used in the manufacture of the product. The produ 

iddition., the conservative designer wishes to imitate tion process nfluences styling considerably. The indu 
e degree the styling of a successful product and to trial designer who is limited to stamped parts may ní 

d that of a slow-selling unit. A “big-seller” is a good have the freedom he would have if die casting or injecti 
itor of what customers want in the wav of styling nolding machines are available. 


Ihe production process specified. actually has a. €oi 
| | 


ENGINEERING Opsectives— Ordinarily, the engineering pound effect on styling, because the process may decid 
f the product mechanism is completed before appearan the designer on the material. Although both sales ai 
nis begun. It is undesirable to make changes in the engineering at times call for specific materials for the ei U 
ients of structure and. components This situa closure, material selection is restricted most often by th 
t places additional restrictions on the shape of the en visting production facilities. 
sure Since plant investment is such a major part of manufa 
Desioners have found. fortunately. that the basic mech turing cost, the industrial designer can do little to chang 
sin usually indicates its own most interesting external production aims. However, it is sometimes possible t 
e. ‘The less “air” enclosed the better. But. in some standardize the parts for two or more products to g 
the designer approaches the engineering depart volume up to a point where a change of process is e 
requesting a change in the mechanism. At this nemically justified. For a manufacturer who wants tl AIF 
t. negotiations begin to establish whether or not such utmost in saleabilitv. the stylist may recommend outsii h 
(change. is possible; and. whether or not the. improved. — purchase of. parts to permit free choice of process 
í earance, inereased utility or other benefits justify Production objectives do not stop with the choice 
, ist of making the change process. Routinely. the industrial designer is asked t 
C iesides determining the shape of the mechanism. engi provide: 1. ease of assembly for labor savings: 2. a finis} 
É eering may require the designer to include features that can be applied in the booths and tanks already 
> ‘ ssarv for the satisfactory operation of the machine the production floor: 3. a minimum number of parts 
" Examples are the provision of aii vents for cooling an materials handling and inventory economics: and. d. inter 
e; dusttight. shields for. delicate mechanisms and.— changeable parts for the same reasons 
t panels for components requiring frequent servii lhese many objectives and restrictions make industi 
. Since such features are vital to product performance. design a practical science. Thus, the appearance of 
f the designer has no choice but to provide for them product is not the result of artistic inspiration so much 
| logical solution to a series of down to earth problems 
E , I UCTION. OprrcrIivESs- The last ma set of objec This is brought out by a study of some successful. wel 


from the 1 duetior roul | less mone lor d signed products 


PROJECTOR Fig. 1—Slide film projector designed by Mast Development Company for the 


Society of Visual Education, Inc. Blue-green color was chosen to give the impres 


EVE 6 í á ; 
y sion of coolness. Transparent nameplate on side of machine has small lamp an 
Kí behind it, providing illumination for reading manuscript and sorting slides. to | 


| 


Fig. 2—Hoom air conditioner designed by Walter Dorwin Fig. 3—Copying machine designed b» Raymond Loews 


league for the General Electric Company. Back of the grille Associates for Ozalid. a Division of General Aualine ane 
are three louvered disks which can be rotated independentls Film Corp. Rounded lines were suggested by outline of con 


to provide any desired pattern of air distribution. vevor belt mechanism. Gray color is restful to the operator. 
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Fig. 4—Electronic tape recorder designed by the engineer- Fig. 
ing department of the Webster-Chicago Corp. Reels are fuss 





































recessed into the drawn steel top for protection and for was 
< streamlining. Maroon hammer finish, the same color used only 
` on other products of the company, was chosen for economy. voir 
s 
" 
. i rome pl ted pli ol the restrictions 
+ used and polished lettering t the industrial designer 


must operate 





5—Deep well turbine pump redesigned by Henry Drey- 
for the Byron Jackson Company. Improved appearance 
accomplished with negligible change in cost because 
the top and base sand castings were altered. Oil reser- 
was relocated within the base for better lubrication. 


inder wh I nd Minges his finish s attra 


id provides economy and durabi 


l depresse | and filled l If the designer were free to specify a Phe control knobs and the escut 
t fie casting ol ance, magnesii 01 ire in the same two colors 
|l olol neta ray luminum. the top could have been ce At this stage of the design 
nore restiu t in Iro et smed with more extreme variations H corder case w is found to be þe low 
rt t ontour hie resulting ippearar cost objective lhis enabled the 
ed Our nd ore a ght have added interest, it os signer to include a lucite escute 
e color also blends vould be considerably more with three dimensional lettering 
equipment hii he width and depth of the recorder an indirectly lighted trade 
a oe n ere also determined to some extent by blem 
' the tooling ind material sed \ er 
bud da EUM. AEn aud , PUMP 
ELECTRONIC TAPE RECORDER dine the reel wells was allowed que 
— P he Byron Jackson ( ompany s 
e design of the new We ' lo give rigidity to the drawn top The well turbine pump. Fig. 5, is used 
ecorde ide by the We ( t ol the case was established by agriculture and industry Since 
( Corporat the speaker diameter and by the size many installations the pump is in 
er o | thie amplifier chassis Proportions view ol passersby, it was desired 
( ! JM ler are. genero lor ease oi vive it a distinctive and attractive a 
y be ect l facture el ind 1 rt pearance. Cost was not to be increase 
roductio ») emer hy the redesign 
t i ive some Maroor nme! vas t n Ihe change in stvling was confine 
‘ the ) t ! ected lor the recorder top This is to the top and base of the pump ut 
M rd if ! t t nish used « other Webster These were given smooth, rounded lin: 
( roducts [he sales depart for appearance and for ease of cleanin 
E. diac sinon ith ent felt that consumers associate this The form of the top casting was taper: 
es ed by the desir lit fir with the Webster name and the to match the motor shell and prosv 
et e ] t Í tor lepartment wanted the overall continuity of shape Phe mot 
i? reve t els £ mon ol one olor in the spray boot! Is st indard, and was not involve 
‘ - For cot tive styling, it was decided the redesign. Because both the top ar 
t t j í 0 f nore t n two colors Fh ttom sections were sand casting 
t the to ira in le Ier elected for the the redesign had little effect on ost 
( ed t t iroo immer finis Lifting lugs and hold down bolts wer 
t nd he t e t ond olor is the nat made integral with the castings 


| e color of the pump is rav r! 


Fig. 
ates 
tion 
feat 
vide 





Fig. 6—Electric range designed by Raymond Loewy Associ- 
ates for Frigidaire Division of General Motors Corp. Func- 
tional design of oven doors is outstanding appearance 
feature of this range. Doors are thicker at the top to pro- 
vide greater insulation where oven heat is most intense. 


popular industrial olor a: l il il I rasped ever 


u W 
tords a good contrast with reen held- open H In nos i t ’ 
vhen the pump is used for irrigatior indle ire Ide: t 
[he lubrication system of the | the doors e opent 
vas substantially improved in the re tendency tor the to 
lesign Originally. the oil reserve oors ti t osed. W 
was a tank hung on the outside of the loors are the nitstar 
I p. The viscosity of the varied the appearance of the | 
th t outside temperature No “Ign is purely netior \lso t 
e oil reservoir is ist on an inte The ndustr los 
part of the base and is surrounded M to hoose color Co 
he Walter passages of the pump | ! le bv Fi | < ‘ 
empera re of the oil is kept 1 ir t ndicate that orit 
of the water and rate of oil How is ini uli CABINET FAN 
] lonend t ther oenílit i} 
ess dep len or ved ’ 1 a i tunes of k V 
t Fi I t 
ELECTRIC RANGE Nordlit iE ger Peer rA" "edi 
\s wit other household apy " ty Ove It À F.lectt M ! t \ 
ng of the new Frigidaire electi | ed | ) t 
inge, Fig. 6. was a critical consid o the right aw re \ 
blues di aids mul ib d Here the controls 
M the mé time thre n i In ntl t ut thé i » 
signer had to observe the standard V 38 in. fluorescent p I A 
width and height dimensions idopted entire lengt! ot the } rt 
yv the industry | nation is provide 
A dist tive teature ot the ew | - ‘ i ¢ í - 
the shape o the oven doors ind trol dials Fhe d | | 
e location of the door handles t on oniv when thre “s0 
rontal a io t loors « nof Hat, operatio Phe 
t slopes tward so t rs a etall lue to 
thicker at the top than at the botton on the backsplasher. Pa | 
Thus, additional insulation is provided fluorescent lamp | t 
t the upper portion of the oven where tured gold backing | t 
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Fig. 7—Cabinet fan designed by the engineering depart- 
ment of the Chicago Electric Mfg. Co. Cabinet is of brown 
phenolic plastic, which was selected chiefly for economy. 
Simple symmetry of design makes it 
cabinet in two identical halves, using 


possible to mold 


a single cavity mold. 


mann 
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ELECTRONIC STENCIL MAKER 


problem 
a wall mounted fi 


dity and strength, the dt 


ousing 


HEATER AND FAN kamiina adii aud Des 


Stenofax machine designed by Henry. Drevsfu-* for Fig. 9—Combination wall fan and heater designed bs 
the Times Facsimile Corp. Feature of the design is the Charles E. Jones for Fresh’nd Aire Co., a division of Cors 
cabinet which contain the Corp. When accordion-pleated hood is opened, the heater 
doubles as a hair dryer. Housing is tapered to give unit 
appearance and to direct air flow downward. 


I T 
ig. © 


two deep drawers in the base 


mechanical and electronic sections of the machines. The 
drawers can be pulled out when necessary for servicing. — a "built-in" 





Fig. 10—Calculating machine designed by Walter Dorwin 
Teague for National Cash Register Co. Housing is fitted 
about mechanical structure with a minimum of enclosed 


air space. Operating keys are pastel for less contrast. 


BUSINESS MACHINES 


The caleulating machine 
e\an ple ol a comple X device 
housed Fhe housing v 
» follow the outlines 
t 


ucal structure closely with mini 


» permit easy cleaning. Bot 
ire tightly shielded and as 


wossible all 


mechantsttis 


Fig. 11—Vacuum cleaner designed by Henry Dresfuss for 
the Hoover Co. Top is of blue plastic for light weight and 
simplified assembly. Since colors are molded in. no finish 


ing is required save filling letters of name with paint 
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POWER WHEEL leasure vehicles, the color was chosen 








lo bien l wil ivariety ol color schemes 
Phe Be Powe \\ | | 
ind to appeal to all tastes. The finish 
i light etallic grav with cream and 
ition o ( ind | t 
) tri 
‘ ( es ( iso | 
t o nve 0 | wo-cvel 
engine, trar on, brakes, disk-type ICE CREAM FREEZER 
i , l lut ind i t t 
led as a nit [he Handy freeze Fig i i it 
Ihe industria n er | a parturt ro conventional ice ream 
f "TI 1 nit t a makers in. that the tub is of cellulose 
lei of keeping the u sht 
( tar rovidii bod is wetate n place of the conventional 
CC lo saw ‘ etal or wood, The use of plastic mad 
l 4 tia 4 thie M t t ~é iml -—— one le t di - l 
| t 0 cine i s the distinctive teature otf t 
id the eflect o etard leo iu ippearance Production peo 
emedy this, the housit wide ied for a tapered tub to permit 
ott elt o la isked fo wf ides 
) i t e o CN i ! M weht were owe! ost 
| el l i ol eurance t it is more com 
I | eoa n iL abl odern kit t equi] 
pat 0 n l tud nent Kitchen olors white wil l 
{ t t tal ty x1 e of blu were chosen lot 
« B I eve I i nony ito t Ì inetior il 
C t > re í Wo ts | t moto Ou 
2 à x 
C RT i bois \ i d a that i : Fig. 14—One-quart ice cream freezer 
R designed by the. engineering. depart 
> M l ' t t 0 Mer ppliances v ubbet ring : . o p 
| ment of Chicago Electrice Mfg. Co 
- ot I e ro dee at the top of th i A 
« e 1 Plastic replaces the conventional wood 
f ' os x à : T 
- i ton ice to pre or metal tub. Although shape is simple 
3 ( ent | ed motor from eret the new material makes this product 
| (d t iratiot appearance distinctive. 
, 
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C 
Fig. 12—Bearcat power wheel attachment designed by f; 
Raymond Loewy Associates for American Brake Shoe Co. : 
To minimize weight, wheel housing is made as «mall as = 
internal mechanisms permit. Compact enclosure retards D 
cooling, so air scoop and open bottom are provided. h 

IT 
Fig. 13—Mimeograph Duplicator designed by Walter a 
Dorwin Teague for A. B. Dick Corp. The mechanism ti 
dictates the shape of the machine because a good portion g 
of the working parts must be open to the view of the 
operator. Red plastic handles and chromium fixtures T 





add contrast to the gray finish of the machine. 
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Closer Tem perature Differen tials in 


Bimetallic ‘Thermostats 


A spread of only two degrees between “on” and “off” actions 
is attainable with a new bimetallic element. This three-legged 


element has a life expectancy of one million operations. 


P. R. LEE 


Westinghouse Electric Corporation, Mansfield, Ohio 


ONE MILLION OPERATIONS without 
failure and a temperature differential 
of only two degrees are made possible 
by development of a three-legged, in- 
herently snap-acting bimetallic ele- 
ment. Ordinary bimetal life is usu- 
ally one tenth as much, and tempera- 
ture differential is usually ten times as 
great. 

The new element, Fig. 1, is a rec- 
tangular-shaped bimetallic piece that 
has two longitudinal cut-out slots. 
These divide the element into three 
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sections or legs, with the two end 
zones common to all three legs. One 
end of the center leg and its corres- 
ponding end-zone are restricted from 
motion by a flat T-shaped steel blade 
rivetted to the bimetallic element. Ribs 
or flanges on these sections of the ele- 
ment will usually function as well 
The two outer legs of the element are 
crimped so that a series of waves are 
formed in the metal. Crimping 
shortens the length of the two outer 
legs with respect to the center leg and 


reates a bimetallic unit possessing in 
herent snap-action Ihe greater the 
depth and number of these crimps, the 


the snap action. This elim- 


inates 1S¢ of separate sprin "S and 


Iz 


" 
greater is 


over-center toggles for positive 
movement 


abr Ipt 


An understanding of the operation 


of conventional bimetallic thermostat 
elements aids in the evaluation of this 
construction. Thermostat elements are 


made in many and varied designs 
But all can be 


the other of the following cate 


onc or 
gories: 
(1) The creep type, in which the con- 
tacts are opened or closed slowly 
and, (2) the snap-action type, 

which the contacts move abruptly 
Each type has distinct advantages not 
possessed by the 


type is not sul JE 


lassified under 


other. The creep 
t to vibration and 
shock so fatigue failures are less fre 
quent. The snap-action thermostat has 
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(A) Adjustoble (insulated bimetal) E 
Wire connection terminals 
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Plastic 
^ base 
4 
Control knob 
{ 
2 (B) Adjustable {bimetal corries current) 
C 
C 
e 
` Contacts 
ZU 
_ Plastic 
C bose 
(C) Fixed Temperoture 


Fig. 2—Basic types of thermostat construction. Note that in adjustable thermostats the 


tallic element may be insulated or may be used to carry current to terminals 





















re differential have o Í f tre $ f Iting lhes conditions 


hree-legged thermostat co ( the Ossible Operation on smaller tempera 






features of the disk-tv; lus the go t lifferentials. This behavior is the 
points of both the composite sna] opposite of that of a conventional bi 
|g str ( i th p-tyr etal] f n which an increas 
Ihe con yn of 1] hicl reduction in. di 
1 if i ( perforn H lest rop 









Pi ODUCI 


erty of a bimetallic element, because 
it lengthens life and improves the 
snap action. Where the bimetalli 
element doubles as a current-carrying 
part, ohmic resistivity is of importance 






In general, the most active bimetal- 
lic material in the greatest practical 


thickness is chosen for the three leggi zi 
clement. The active combinations ar S 
those that deflect the most for a give » 
temperature differential. Of «cours à 
in any choice of materials, tempera ( 
ture stability must be considered. lí 
the characteristics of the bimetallic - 
combination change with temperatur. yn 
the operating accuracy of the ther in 
mostat will be poor iá 
Crimping of the stamped element en 
is done on a special forming machine per 
The machine consists of a pair of ad or 
justable spur gears that have proje TE 


ing teeth over a small portion of their 
periphery. Pitch diameter for each 


lim 
tooth is adjustable, as is center-to wh 
center distance between the two gears be 
Proper adjustment makes the gears en re 
gage just within their outside diam ha 


ters instead of at their pitch diameters 
The bimetallic piece is placed between 
these two gears, which are revolved 
slowly so that no more than two teeth 
of the first gear and one tooth of th 
bimetal simu 
taneously. This creates a bending o 


SC ond gear engage the 


i pe! 
forming action on the bimetal wl 
does not stretch the material to 

Three conventional schemes for ji ne 
corporating the basic three-legged el ia 
ment in a complete operating th n 
stat are pictured in Fig. 2. In the firs his 

flat T-shaped bar is rigidly attached lin 
to a phenolic base through a hing (1 
spring. The free end of the bimetall fre 
element has an insulated bridgin on 
contact that engages two stationary 
contacts on the phenolic base. A ten ni 
perature adjusting screw engages the Te 
rigid bar. The T shaped bar rigidly ni 
lamps onc end of the center strip to 
ts corresponding end zon 

In another design, the T-shaped n 


bar is formed with a 90 deg angle so 
're-adjusting 
screw, which has an axis in the hori 
zontal position. The hinge spring 


also formed at 90 deg and is attached 


i t 


as to engage a temperat 


to a mounting bracket riveted to the oS 

phenolic base. One movable conta 

is welded to the free end of the | € 

metallic element, which engages on 

stationary contact attached to the 

phenolic “base. The bimetallic element à 
arries current in this design st 
The third design is the type usually o 


sed on fixed temperature thermostats 
No hinge spring is used and the 1 

metallic element is attached directly 
to the phenolic base. The stationary 


end of the threaded 


contact is on th 
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rew so the opening temperature may 
idjusted at the factory. Here again 
ic bimetallic element carries current 


Design of a Fixed Temperature 
Thermostat 


This type of thermostat is accurately 
temperature-calibrated in the factory, 
nd then permanently sealed or locked 
this setting. It operates at this onc 
emperature only and cannot be read 
isted in the field. 

One of the main problems in the: 
nostat design is to convert the desired 
emperature limits into “free-link”’ 
values. An uncovered and unmounted 
imetallic element that is not joined 
to a linkage system reacts at a. given 
temperature, known as free-link tem 
perature. But when the element is in 
orporated in a thermostat, it reacts 
at a slightly higher temperature 

If the desired closing-temperature 
limits in degrees F are Te, to Tes in 
which Tcə is bigger than T, ind if 
the desired opening temperature limits 
ire Toi to Too in which Tos is bigger 
than Tor; then the minimum free-link 
losing temperature should be Te, — 2. 


Ihe maximum free-link closing tem 


Tez [, 


perature should be T. 


> 


The minimum free-link opening tem 
perature should be Ty. -+- K,, in 
which the value of K, varies from 5 
to 40. The value chosen for K, de 
pends on the temperature differen 
tial specified for the thermostat. This 
lifferential may be as low as 2 F or as 
high as 100 F. The maximum free 
link opening temperature should lx 
(To + Kı + Ky, in which Ky varies 
trom 20 to 75 deg, again depending 
on the final thermostat differential 

As an example, assume that a ther- 
nostat is required for a coffee maker. 
Tests indicate the final thermostat 
must snap within the following limits 


Open: 200 to 210 I 
close: 150 to 160 I 


Then 


To 150 To. = 200 
T 160 To = 210 


Ihe minimum free-link closing tem 
perature equals 150 2 148 F, 
ind the maximum free-link closing 


160 150 
temperaturc equals 160 : , 


2 = 155 F, approximately. Th« 
actual differential of the final thermo 
stat will vary between 40 and 60 F, or 
an average of 50 F. Therefore, the con- 
stant K, is about 25 F. Minimum free 
link opening temperature equals 210 

25 or 235, and because the aver 
age final thermostat differential is 50 
F, Ke is also about 50 F. Maximum 
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Irec-i1nk openu 


SOQ or 253) | | om thes 
ions, sna} 1 4 € 
1] t i ] t 1] 4 #) 
bimctalll Ini sull AlE D 


link temperatures, arc as follows 


Closed 145 t 155 I 


Open to 285 I 
When such a l TT it IS as 
N IHYOU dH H} 
thermostat w O} o the orig 
specification í | ‘ 
nd 10 to | 


Adjustable Temperature Thermostat 


"- sb cha acl 
Adjustable thermostats do no 

t ] * s r tis ] . 

a factory sealed temperature calibra 


tion. Provision is made so the « 


tomer can readily change the operating 


temperature of the thermostat within 


ertain predetermined Jimits 
Free-link temperatures ar 


in similar fashion. Assume that 
IlOW are lh to D», and that desi: 


to Tyo. With a maximum maintait 
differential of T, the maximum free 


link closing temperature should 


lii K, The value of K may 


vary from about 20 to 50 F, depend 


ing on the temperature range from 


low to high. Spreads from 30 to 


F are normally required 


The minimum free-link losing 


temperature should be as close as pos 
sible to the maximum free-link clos 
ing. temperatur Usually o 
'0 to 50 F below the max 
link closing temperatu 

Ihe minimum  frec-link. 0; 
temperature 1s Ty» I, 
again the maximum fr k OF 


ing temperatur: sho 
possible to this— usually tr 
50 F above it 


By way of 1 
thermostat may be needed for à wat 


heater, in which the thermostat 


snap within the following limits: clo 
ing temperature at extren low 
ting is 85 to 95 | losing t n 
ture at extreme high setting 1s i 


o 150 F; ma 
ferential is 15 j 
Ty is 140; Tyo is 95; Tuo 18 


and Tp is 15. The thermostat can 


adjusted to losi at any temperature 


over a range of +4) to 6) degrees 


Therefore, the constant Ka should 


about 30 F., and the maximum fr 
link closing — rature w Q 
minus 30, or 5) degree 


Because this is a narrow 


ture range thermostat, the minim 


free-link closing temperature can be 


20 below the maximum free-link cl 
ing temperature 

The minimum free-link closin 
temperaturc IS 255 minus ZU, or 





closing mpcraturc 1in » on 


! f t 
Iustrairorn inn a ` ( 


Fig 
adjustable 
knob settings 


Widest variation is at medium setting 


S$nop temperature ( deg. F ) 
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Hydraulic Noise Reduction 


by Fluid Conditioning 
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Rescarch Department 


LOUTHAN 


Lockheed Aircraft Corporation 


to design the principles 
of noise suppression wisely, it is neces- 
full understanding of 
the development of port waves and 
how they are affected by air in the fluid. 


iry to have 


Development of Port Waves 


These pressure waves 


i tee as 


can be gen 
ly type of pump. They are 
line 
below the mean discharge 

piston type pumps, pres- 
d in the pump 
full of oil at low in- 
abruptly connected to 
pressure of the system. 


tuations in pressure 


1 
produ c 


At this time, the mildly elastic fluid 
back into the cylinder and 
causes a sudden pressure drop in the 
discharge linc. The momentum of the 
fluid causes compression in the cylin 
der; the fluid rebounds as a spring 
causing a sudden surge of pressure 
and completes a full ani type 
pressure wave. In  multi-cylinder 
pumps these indiv idual waves are com- 
bined to produce a wave pattern, Fig 
1, that is more violent and complex 
than the sinusoidal pattern. 


Oil-Air Mixtures 


A proper study of oil/air mixtures 
in relation to hydraulic noise must 
distinguish between several kinds and 
degrees of association of the two sub- 
stances. The distinct conditions are: 


surges 
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wave amplification 


Pump 





pump inlet. 


(1) Entrained air in large | 
say d Here air 
are essentially separate, 
coarsely and unevenly 
This condition causes violent pump 
cavitation 

(2) Entrained but 
with no 


0.550 ın 


and oil 
with the air 


distributed 


disperse ] air 


sizable bubbles, often with 
This is the normally 
accepted state at pump inlet, obtain- 
ible by careful tank design and tank 
pressurization to minimize bubble 


growth between tank and pump. 


no visible ones 


(3) Oil saturated with dissolved 
only. This is difficult to obtain 
vith rapid circulation of a limited 


juantity of oil, but a nearly 

pump has a clos 

his condition at 
(4) An unsaturated solution of 

n oil. With the reasonable assump- 

tion of saturation in the tank at all 

times, raising the pressure of with- 


feathered 


approx 


rt 
its inlet 


imation to 


lrawn oil will cause a subsaturated 
ondition. Hence, this state is 
tricted to the discharge or high-pres 


ire portion of the system, unless a 
imp inlet booster is used 
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Fig. 1—Although the cam driven pistons of a 


hydraulic pump follow a sine wave motion, a 
x: es . b. d 
complexities in pump mechanics complicate th« : 

actual port wave. . 4 





Fig. 2—Wave amplification factors plotted op 
posite inlet pressure for three 
pump pressure increase ) 


conditions ot 











series of three 

Effects of 
If a pump cylinder contains 
of oil, whei 


the discharge, 


1 À 
of oil expose 11S 


Wis Ve 
Ki 
l — 9 
} 
where 
Va sweep volume of pump pisto 
Ve = clearance volume of ea 
cu in 
K’ = adiabatic bulk n ius 
elasticity psi. Derermin 
mentally to be 180,000 
Py = pump mean inlet press 
Pp = pump mean discharge ft 


which implies a theoretical 


tion of basi port wave P.) 
1g tO 

, | » 

P'e | K 


) 1S the 


where (C 


- 
cient Or ampiincation factor 





separating out of the fluid by using a pressurized oe 
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np while incurring a centripeta variations were involved here tible degree. The importance of d 
eleration ranging from Circulation was rapid and oil solved air is that part of it will | 
hich would ten yar reached the reservoir, Fig. 3, in less released under suitable changes « 
than 4 seconds after passing the throt pressure or temperature. The prompt 
theoretical. val tle. The slight tendency toward re tude with which air can enter or lea 
supported by th olution in the cooling coil was more the dissolved state, when stimulat 
ilts of a series of oil pumping tests than offset by the falling pressure gra- by a transient pressure change, 
lucted in the Lockheed Aircraft dient and about the only relevant ef clearly a key factor in appraising tl 
hanical Research Department. The fect of the cooling coil was reduction hydraulic noise potential of dissolve 
ilts of these tests are sum d of foaming. Thus, practically all air air. With rapidly alternating pre 
) half of the tests wer released by throttling reached th sure as generated in an axial flow pi 
illed with thor reservoir. The humps in the curves ton type pump the net rate of 
which the fre may be interpreted in terms of the separation exceeds the solution rat 
was reduced a amount and distribution of air reach This allows the creation and growt 


other half of th t ing the reservoir and what happened of bubbles in a body of oil which 
with the syste! lled to it therein | 


at a high enough mean pressure to | 
Although little velocity /pressure — considered greatly subsaturated. Su 

conversion could occur downstream of — instability of air content is what mak 

the throttle, local pressures were low heavy pump waves dangerous beyor 

onstant (AP)  cnough to allow air release even when their own magnitude; they may [x 
which measured — the back-pressure was well above sat mit the formation of voids in the fluid 


for th irated ~— uration. This has been observed often which lead to local collapse pressu: 


t 


| those for oil witl y air experimentally and the curves con surges far in excess of anything th 


ble I and Fig. 2 n con | firm it in a general way. Moreover, pump could generate. If such void 
these observation as the back-pressure is increased with form and collapse within the body of 
(a) Consider the net pump ı no change in AP across throttle, the liquid, these shock pressures ar 
(AP) alone first rom Tal t is lecreasing amount of released air as- heavily damped in traversing even 
lent that casing , sumes a more and more finely divided small distance and the main result 
P.) should gn reduc l form an increase in noise level. If any pa 
) n r} increa The first tests of each series were of the system assumes resonance, thi 
made with zero inlet pressure. Throttle resultant standing wave encourages t! 
release was so great that the reser- formation of sizable voids at tl 
voir was entirely unable to separate points of maximum pressure chang 
the air, resulting in artificially high Since this is often a surface, tl 


values of (C.) which are indicated exists the same possibilities fo! 


al 


it discarded in drawing the curves. tation erosion as often appear in 
Inlet pressure of 20 psi-ga was next  draulic turbines, pumps and propell 
imposed and a practical optimum re- Valves, elbows and other fittings 
air release was brought with- the line may become pitted and a fi 
cservoir's separating power, duc suspension of metallic dust may app 
reduction in amount and to n the originally clean oil, presenti: 
ntion or regain ot sufficient ı serious hazard to system operatio 
size that the intake depth was Cavitation caused by air dissoly 
lightly penetrated. With inlet pres in. hydraulic. Ruid. is. considered 
the further reduction likely if entrained air is kept to a mit 


A DPE > = a f air rcli V much less than the mum at the pump inlet. Although 
C f rE zd dJE- niti "ptos : E os f t 


but the bub- — can be induced in laboratory set uj 


ed, so new the long lines and attached equipmer 
Diagram of reservoir used at paration. difficulties arose in the of commercial systems tend to dat 
kheed Mechanical Research Depart- reservoir and the pump inlet x actu- the pump waves enough to keep ex 


to control the pump inlet pressur | reased The other two steps cessively low pressure waves fro 


show the effect of successive re reaching the pump inlet. Howe 
tions in air volume reaching the once line cavitation begins. it tend 
I to persist, because the void. itself 
es of Py all thre lows 2 great increase in energy dive 
toward an apparent sion and aids in the develonments 
more voids. This forms a 
tion that is hard to stop 
on x ! Methods to Reduce Effect of Air 


circulate. In view of the improbability of 
| air in iblishing a. completely air fre 
scparation 


iy Du ths | ' nant maili I i Á | 


fect at high 


draulic system, steps should be tak 
Potential Effects of Dissolved Air in the design of sysem compone 
to suppress the evolution of dissoh 

(b) The sinuosities | Irves : ined air, however, finely. di air to air bubbles and to prevent t 
for values of Py œ 20 psig imply a ided, i ill separated air. In con- entrapment of bubbles in large enou 
perplexing variation of ither ir dissoh ir is dispersed on a voids to cause excessive line cavit 
magnitude or in dispersi f air at molecular scale and cannot change the tion. Among these considerati 
pump inlet. It is believe 1 i il's acoustic behavior in any percep- should be the possibility of deaerati 


prove ment 
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Fig. 4—Circuit diagram of hydraulic 
maintains constant force on hydraulic 


system used in a comme 


fluid in effort to keep desolved air fri 


| n l 
Oli Arlt 


to minimizZ 


Lo kheed 
} ; 
ICacrating the 


system Was us¢ 


Before the 


1 
on thc 
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Fig. 1—Testing models of an 
electrical servomechanism. By 
use of logarithmic analysis, 
servos can be stabilized before 
they reach this stage. 


Fig. 2—Schematic and block 
diagrams of simple propor- 
tional servomechanism. If sys- 
tem is stable, rotation of load 
duplicates exactly the move- 
ment of the input shaft. 


Fig. 3—Stability can be ana- 
lyzed from curves. System is 
stable when a line drawn from 
the point of intersection of 
the upper curve with the zero 
axis meets the corresponding 
lower curve at point above the 
—180 deg abscissa. 


Logarithmic Analysis 


NORMAN ALPERT 


Project Manager, 


W. L. Maxson Corporation 


OF THE NUMBER of variables 
control engineers Must usu- 
t to cut and try in designing 
hanisms. But costly 
error t« hniques are steadily 
being replaced by mathematical 
methods. One of the most promising 
of these ises logarithms to 
test stability 
An simple propor 
tional servomechanism is given in Fig 
2a The object of this system is to 
ause the load to follow precisely and 
promptly any rotation of the remote 
input shaft. Under initial conditions, 
the contact fingers of both potentiom- 
are in the ie position elec 
Their output voltages balance 
so that there is zero signal on the 
amplifier 
Whenever the input shaft (8,) is 
moved to a new position, a voltage 
difference appears across the input 
to the amplifier This amplified signal 
applies voltage to a motor which ro- 
tates a load shaft (90,). Simultane- 
ously, the potentiometer that turns with 
the load reduces the voltage difference 
applied to the amplifier input until 
8, 0, At this point, the voltage 
across th« 


M 
t 
ll servome 


+ ] f 
riai an 


"Was 
methods 


example oft a 


je 
1 


eters san 


. uam 
trically 


amplifier input terminals 
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again is reduced to zero and the motor 
stops turning. A block diagram of this 
system is shown in Fig. 2b, where the 
error E is a maximum at the start and 
reduces to zero when 0, — 0, In 
short, the — of a proportional 
servo is independent of variations in 
calibration, gain or circuit parameters 
since the actuating quantity is a func- 
tion only of the difference between 
the input and output functions. As a 
result, when that difference is zero, 
the input and output will correspond. 


Causes of Instability 


Even this simple servo can present 
instability problems as a result of ex- 
cessive time lags in the system, to- 
gether with sufficient gain. This in- 
stability will manifest itself in “hunt 
ing” or self-oscillation of the closed 
loop system at some sinusoidal fre- 
quency determined by the loop param- 
eters 

Theoretically, a simple proportional 
servo should show no evidence of in- 
stability since the output quantity is 
always subtracted from the input. 
However, in practical servo systems, 
time lags in the amplifiers, motors, and 
associated equipment are inevitable 
Therefore, the load may continue to 
rotate even after the initial error has 
been reduced to zero. This continued 
rotation sets up a negative error; after 
the load has stopped rotating in the 


positive direction, the negative err 
will cause the load to be driven agai: 
in the reverse direction. In an unstab 
system, the load will see-saw back and 
forth to reach the point of electrical 
zero—or zero error—but each tim 
overshooting the mark. This is th 
condition known as hunting. It shoul 
be noted that if the input quantity 
0, were removed from such an ur 
stable servomechanism, the  devic 
would be functioning as a regenerative 
oscillator by virtue of the feedback 
loop between output and input. 

These features can be given a mor 
quantitative -— at this point by 
introduction of the transfer functior 
analysis of servomechanisms. Witl 
this scheme, it is possible to test 
servomechanism mathematically to dé 
termine whether or not it will be stab! 
in operation. From Fig. 2b, it 
that, vectorially 


is seer 


E = 6; — 0 


Now the closed loop response of 
servomechanism is defined as the rati 
of the output to the input, so 

Response = 7$, 

After replacing 6, by E 

becomes: 
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Dividing numerator and denomina- 
tor by E, produces: 

















$9 
bo = E a 
6 1+ 





E 
If the feedback loop is now opened, 
the error is just the input quantity 
0, or: 








E = 6; 

The "om loop response of the servo 
is, therefore, simply the output quan- 
tity divided by the input quantity or 
6,/E. This term is given the symbol 
G(jw) and is also known as the trans- 
fer function of the servo with the 
feedback loop open. The previously 
obtained closed loop response can now 
be rewritten as: 



















8, 
a. @ G (jo) 
& p% TFC Ge 
b= 






The transfer function of the pro- 
portional servo illustrated in Fig. 2 
can be expressed as: 

Ow K- 
E jw (f + jw/) 








G (ju) = - 
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Stability 


K = amplifier gain 
f = viscous fnction coefficient 

= moment of inertia (load and motor) 
w * (2x) X frequency 


The following is further defined 


f 
y om—— = damping ratio 
24J]K 
fa 
En = "cw steady state angular 


error for constant veloc- 
ity input, (7. 

From the above it can be seen that 
a servo system can be made more 
stable by increasing the viscous fric 
tion since the damping ratio is in 
creased as the friction is increased. 
This method has some disadvantages 
however. One is that the steady state 
velocity error, E,, is increased (since 
E,, varies directly as friction) and 
another is that the power consumed 
in overcoming friction is increased. 


Tests for Stability 


There are several criteria available 
to the servomechanisms engineer for 
examining the stability conditions 
which exist in a given servo. The 
well known Nyquist criteria can be 









Unstab/e 
(No. 2) 


\ Stable 
(No.1) 
zm E ooo dE 


--Unstoble (No 2) 


Stable (No 1) 


Use of logarithms gives a fast answer to the question asked in the design 
of any servomechanism: Will the system hunt? The system can now be 


tested analytically for stability before it leaves the drawing board. 


employed with the aid of 


plot of the open circuit transfer fun 


tion in the complex plane. Or if 
desired, the closed loop transient term 
can be examined by the Hurwitz « 
teria, which involves the use of de 
terminants 
One of the main inconveniences of 
the Nyquist plot is that it is not a 
simple matter to obtain the graphical 
plot of the new transfer function from 
) iter th lusion of 
a stabi'izing device. The Hurwitz cri 
i l | l li i 
means for determin ng whether or 


not stability exists, does not tell how 
close to stability a servo system really 
is. Adequate descriptions of both the 
Nyquist and Hurwitz criteria may be 
found in the technica! literature 

There is now available another a 
curate means of testing stal lity This 
method employs logarithmic analysis 
and has the added advantage of s 
plicity. In Fig. 3, graj 
log w and of the phase angle of G vs 
log w are plotted on rectangular coor- 
dinates. These curves can be obtained 

i. 


by either theoretical calculations or by 


ns OF log G VS 









Fig. 4—This device measures mag- 
nitude and phase angle of transfer 
function. If model of servo is 
available, logarithmic curves can 
be plotted from readings obtained 
with this instrument. By this means, 
the designer can determine rapidly 
whether or not the servo will hunt 


Fig. 5—Part A shows schematic of 
phase-lead circuit for stabilizing 
servo. Part B gives curves for 
evaluating the transfer function of 
this network. Note that the phase 
angle is always positive, hence the 
name phase-lead network. 


Q- 
o 
vu 
N 
p 

ñ 


Servo Corp. of America 


> 
Log w 


Analysis by Logarithms 


rigina 
the stabilization 
this respect, it | 
to the Nyquist criteria for 
of stabilization prol lems 


Stabilizing Means 


There are three major categories 


nto which stal ility devices tor servo 
| 


hanisms may e pia l 


tabilization arrange 
phasc lead network 
s change the over 
nction so that an 

IS | rovided 

hown in Fig 


ir 


i 

From this relationship, the curve 
ol ] 19 Sb can be plotted ] he stabil- 
ity of this network is apparent from 
the curve, whosc peak IS well below 
0 deg. This is known as a phase lead 
network, since the phase of the trans- 
fer function is always positive 

This network is for insertion in a 
servomechanism system that is un- 
stable because Of excessive lag ot thc 
output quantity in respect to the input 
juantity. When this is done, the over 
all lag is reduced by virtue of th 
leading characteristic of the stabilizing 
circuit. The effect is much similar to 
that accomplished by adding capaci 
tance to a power uit to improve 
power factor 

In Fig. 6a, a phase lead network is 
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Fig. 6—Position of phase lead network in servo system is indicated in 
Sketch A. The performance curves in Part B, above, shows that the com- 
pensated system is now stable. Curves in Part C reflect the increase in 












l - 
amplifier gain needed when the phase lead circuit is installed in the Application bal 
system. Some power is lost in the components of this circuit. ; 279 i 

A des ription. 01 : yl : 
mechanism helps to illustrate t ad 
Fig. 7—Block diagram of feedback control for a d-c generator. Such rithmic technique of esung 
systems are commonly used to maintain terminal voltage constant despite tion. A voltage regulator 
changing loads. The controller must be absolutely stable in action. | feedback loop t: 








G, 


wn as installed in a servomech é \ 


Output 
Exciter 












sm. It is noted that the addition 


the phase lead network reduces 






phase lag of the complete system 


Ihe compensated curve in Fig. 6b is 
s well above the abscissa of 180 f 
g, as required for stability. Th 


o loop was made stable by strad 
ng the region of instability with 
ind we. l 
Referring to Fig. 5b, it is seen that 
graph of log G vs log « is be- 
the zero axis. This is because 
re is a power loss in the phase lead 
work, so the gain of this network is 
iegative. quantity. To offset this 


er loss or attenuation, the gain of 


Anti-Hunt 
o, 











Voltoge 
divider 
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KW penerator vol 
is shown in Fig 
small d« 


2 if 


ex iret the field coils of 


thc lain geli rrent for the 


I 
tan 
The [ C l ( stal ilization 
in be ned qualitatively. Be 

of the inductance in the field 


aus 
circuits 


of the exciter generator and main gen 


erator 


1 


liative time delay 


there is a cun 
which is sufhcient 


to make the egula 
! 


or unstable when no anti-hunt stabili- 


used For 
output voltage 
were too low, 


example, if the 


main 


zation 1S 
generator 
WO | | act 


gulator 


02 04 06 
Log w 


Fig. 8—Plot of experimental data ob- 
tained for the voltage regulator in Fig 


before anti-hunt network was installed 


System is unstable 


190 


introduced into the grid 
the amplifier. Since the 
exciter voltage must change before the 
main generator voltage can change, the 
feedback voltage in effect anticipates 
changes in the output voltage and so 
serves to stabilize the system. 

The procedure for stabilizing the 
servomechanisms shown in Fig. 7 
in be analyzed in detail. A plot of 
the experimental data obtained for the 
overall open system, (G,Go), of the 
actual regulator in Fig. 7 is shown in 
Fig 8. In obtaining these curves, the 


ly 
vOlage 1S 


circuit Ol 


l 


anti-hunt device was not included in 
the circuit. It is noted that log (G,G2) 
is greater than zero when the phase of 
(G,Go) is 180 deg. This means 
that the phase of (GG) will be 
more negative than —180 deg, when 
log (GGs) is zero. Consequently 
the servomechanism is unstable when 
In order to choose 
the proper network for G3 to stabilize 
the voltage regulator, is is mecessary 
to obtain the transfer function, G,, of 
the amplifier and exciter alone. This 
transfer function can be calculated or 
measured directly From the data 


the loop is closed. 


1 a : 
obtained nc irve ig. 9 arc 


e 
1 
- 


plottec 
| 

The anti-hunt 
stabilize the voltage regulator is shown 
in Fig. 10. The design of this circuit 
is based wholly on experience, so it 
y to try the circuit in the 
regulator system to determine whether 
or not is will system 
satisfactorily 

At the particular 
sponding to log; «o 
ta can be li LCC 


circuit applied to 


is necessary 
stabilize the 
frequency corre 
0.2, the follow 


28 deg, from Fig. 8 ] 


12 deg, from Fig. 9 


z O W 134 


Log œ 


Fig. 9—Plot of transfer function of am- 
plifier and exciter only. 
must be 


These curves 


determining tvpe of 


anti-hunt network needed. 


used in 


Pr DUCT 


Hence, by logarithmic subtraction, 
log Gs - 022 /—16 deg 


By taking anti-logarithms, the follow 
ing data is obtained: 


w = 1.58 radians/sec 


675 / —12 deg 


G, — 0.604 / —16 deg 


The transfer function for the ant 
hunt network sketched in Fig. 10 
as follows: 


From this expression, it can be seer 
that for w 1.58, 
Gs == 0.039 /81 deg 
The equivalent transfer function for 
G, and G3 is 
: Gi 
G a= — AT 
1+ G163 
The total transfer function for tl 
system is given as 


Gr G eq ir 
(25.2 -79 deg 
c 


=] 


0.604 


- 16 deg 


2 /—95 deg 


Then, log G, 1.182 

By repeating the above procedure 
at several other frequencies, sufficient 
points will be obtained to enable th 
alculated curve of Fig. 10 to | 
plotted. This curve that th 
phase of the overall transfer functio: 
is less than —180 deg when log G; 
equals zero. Consequently, the regu 
lator should be stable when the loop 
IS € losed 


shows 





12 16 20 24 
Log œ 


Fig. 10—Performance curves of stabilize: 
voltage regulator. Note that both experi 
mental and calculated values are close! 
similar. Inset shows the circuit used. 
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bottom of drum 






Magnetic 
pickolf 






Schematic diagram of magnetic pickoff de- 
vice. (Right) Sensing device developed for 
digital computer robot use. Quantities such 
as temperature, pressure, velocity, etc. are 
converted to a shaft rotation and then fed 
into the computer. Any number of these 
devices can be attached to the com- 
puter; each measuring a different quantity. 





THE ABILITY OF ELECTRONIC digital 
computers to make rapid calculations 
involving many factors makes them 
potentially useful as robots to con 
trol the operation of complex equip 
ment. But there has been one major 








obstacle. To operate as a robot, the 
computer must have a means to con 
vert readings of temperature, pres- 
sure, position, velocity, etc. into a 
code that can be continuously fed 
into the computer. 

A few physical quantities such as 
length and angle of rotation can be 
measured directly. A factor like tem 
perature must be converted into a 
measurable physical quantity such as 
the rotation of a bimetallic element 
or the expansion of a mercury column 
This basic conversion is called a 
transformation. If a transformed quan- 
tity is then changed to another physical 
quantity, the operation, called trans- 
ducing, introduces an error. An ex- 
ample of this is measuring temperature 
as a rotation of a bimetallic element; 
the element turns a potentiometer 
shaft to produce an output voltage 
that is a function of temperature. This 
last operation introduces an avoidable 
error. 

A basic principle in providing 
proper computer inputs is to avoid 
transducing operations. 

In addition, when such a quantity 
is transformed to a measurable quan- 
tity, it must be measured with a known 
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Sensing Device 


Into Robot 


Turns Computer 


accuracy. The error introduced by the 


measurement can then be predicted 


and its cffect taken into acco 


let sat í n 
letermination of. overall svstem 
racy 

One method of doing this is to 
tr ` ry } rt itx nė l * 
ransform the quantity into a shalt ro 


tation. The rotation is measured by 
ounting the number of small unit an 
gles that make up the unknown angle 
Such a measurement can be made with 
an accuracy of one unit angle. And 
size of the unit angle is selected t 
meet any accuracy requirement 

Key to the problem of makit 


he development of a method 


4 


robot IS t 
of putting this shaft rotation into 
the computer without using a trans 
ducer operation. The Jacobs Instru 
ment Company found a solution in 
magnetic and optical pickoff 
devices made for use with the JAIN 
COMP (PrRopuct ENGINEERING, D 
cember 1951). 

The accompanying schematic dia 
gram shows a magnetic version of 
the device. An arm has been fastened 
to the shaft whose angle of rotation is 
to be determined. On the end of thi 
arm is located a metal bar called th 
shaft reference point. A rotating di 


g dis 
driven by a motor, is mounted below 


the shaft and coaxial with it. Fas 
tened to this disc is a vertical picku; 
point 

The capacitance between the pickuy 
point and the shaft reference point in- 
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Sponge Rubber Products Co. 


Fig. 1—(a) Aircraft radomes fabricated from a sandwich material with glass fabric reinforced polyester facings and foamed 
alkyd-isocyanate core. (b) Foamed vinyl flotation equipment includes life rings, fish floats and life preserver filling. The large 
log section is used in the construction of a 25 man Navy life raft. (c) Some expanded soft rubber cushioning products. 


Foam Plastics as Engineering 


Foam plastics are recently developed materials that offer type of structure desired. — Basicall 
£ there are four methods of producin 


many advantages to the engineer and designer because a foamed plastic: 
d i j À (1) Incorporation of air into 
of their light weight and unique cellular structure. paste or latex by mechanical whipping 
(2) Introduction of nitrogen under 
pressure into soft or uncured stock. 
(3) Inclusion of a foaming aget 
Shock absorption, cushioning — or gas-producing chemical into th 
| mixture or compound. 
il and electronic uses (4) Chemical reaction of mix 
| materials in use today resins to produce the final resin pl 
vanced stage of develo; a gas 
the vinyls, phenolics The composition and density « 
pl ber blends, polystyrene, foamed plastics can be controlled wit! 
low density materials ar t butadiene blends, cellulose in limits to give the desired hardnes 
(1) Light weight structural ma icetate, alkyd-isocyanate, hard and soft chemical resistance and strength a: 
terials—primarily for aircraft applica rubber compounds weight properties. The cellular stru 
tions at present ming processes vary according ture can be made interconnecting © 


(2) Thermal insulation to the material being foamed and the — non-interconnecting through choice oí 
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EXPANDED VINYL PRODUCTION 


Table 1I — Properties of Styrofoam 
(Expanded Polystyrene) 


;HANICAL density For density 
: DEO: dE 3Ib/cu ft of 1.61b/cu ft of 2.0 cu 
' 15-25 15-35 


Compressive Yield Strength, 10-20 


For density 


50-70 

25-5 
750-1350 
650-1200 

1.1-1.8 


30-40 
15-25 
450-1100 
200-750 
0.5-1.2 


psi f 
Tensile Strength, psi 
Strength, psi ; 
oes ressive Modulus, ps! 
Bending Modulus, pst 
Impact Strength, in.-Ib. 
a ceed 
HERMAL PROPERTIES i : asi E 
d conductivity, BTU/sg.ft/hr;'deg F/in.....0.23 


L :n/i É.....2 to 5X 10—5 
Linear Coeff. of Thermal Expansion, in/in/de& ween 32F = p 
~ RW NEM S IA: 

;pecific Heat, BTU/Ib/deg F. ---.: ::*- ommended temp. for con- 
PEL to Heat... .Max. recom tinuous use— 175F 


3, ELECTRICAL PROPERTIES 


Dielectric Constant. . 
Power Factor «esst, 1.5 to 1 
, Transmission... .. ' re difference. A process for producing foam vinyl shapes 
Water ee aah of Pg vipo peee using inexpensive molds was developed at the 
EE ——————— OF f Naugatuek Division of the United States 
z i e erties O Rubber Company. Steps in the process are: 
Table III — T hermal Insulation Prop (1) A vinyl pie^tisol is prepared consisting 
Expanded Plastics of vinyl resin, Trice. sy! phosphate plasticizer, 
sulfonyl hydrazide (Celogen) blowing agent 
and one of a variety of stabilizers. 


(2) After mixing, a uniform dispersion is 
attained on a three roll mill. 


Thermal 
Conductivity 

Density Range (K Factor) 
lb per cu. ft. BTU/sq. ft./ 
hr/deg F/in 


1. Expanded 0.23-0.30 
Polystyrene ont 


2. Aerated Urea 
F aldehyde e 
s. Phenolic roam 0.21-0.25 
4. Phenolic koem, L 
5. Cellular Cellulose 
Acetate trux, te oan 
i Cell-Tite (soft) De 
$ Cellular Rubber Cell-Tite (bard) 20.0 0 


Material Trade Name 


Styrofoam 


2.0 
Flotofoam r 


1.5 
S plication. The foamed plastic is 
0.8-1 produced by the chemical reaction 
between these two resins with the ac- 
companying liberation of carbon di- 


oxide. Using this material densities 


Insulfoam "E 


5 
0 
4 
8.0 0.30-0.32 
& 
0. 


4.0- 
8.0- 
5.0- 


avoid lasti« instal ity 
The expanded pl isti 
being used extensively as core ma 
terials because of processing and fab. 
rication advantages, good density con- 
trol and satisfactory strength, water 
resistance and electrical properties. 
RADOMES. Foamed-in-place core ma- 
terials are used in the construction of 
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1 
materiais are 


Dow Chemical Co 


aircraft radomes, Fig 1a. The latter 
are the housings used for the protec- 
tion of radar and gun fire control ap- 
paratus. The radome structure must be 
strong, light, easy to fabricate and have 
a satisfactory dielectric constant and 
low rate of water absorption. Formu- 
lations based on combinations of alkyd 
resins and metatolylene diisocyanate 
have proven satisfactory for this ap- 


can be varied between 3 and 30 
pounds per cubic foot. The most com- 
monly used material has a density 
of about 10 pounds per cubic foot. 
The shape and wall thickness of ra- 
domes are quite critical. Their loca- 
tion on the aircraft necessitates stream- 
lining to reduce air resistance. The 
wall thickness must be held to close 
tolerances to prevent interference to 
the radar waves. The thickness actu- 
ally should be a multiple of the radar 
wave length. Some radomes require a 
varying section thickness to obtained 
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(3) The mold cavity is formed from a light gage alumi- 
num sheet. In the case illustrated a cookie tin was used. 
This mold is placed in a heavy steel frame, capable of 
withstanding the high pressure developed during molding. 

(4) The plastisol is poured into and around the alumi- 


num mold, thus insuring equality of pressure on the mold 
walls during cure. 


(5) The enclosed mold is placed in a heated hydraulic 
press. The heat produces decomposition of the blowing 
agent and the liberated nitrogen forms a uniform, fine 
unicellular structure. 


the desired reception. These require- 
ments of section uniformity and odd 


shape are better fulfilled by the used. 


(6) After completion of the press cure the mold is 
allowed to cool before it is opened. A limited amount of 
blowing occurs. 

(7) The molded article is easily 
cavity. 

(8) Completion of expansion is attained by heating the 
molded article in an oven at 200F or in boiling water. 

(9) The final product has expanded 8 to 9 times the 
original volume of the mold. Expansion is uniform in all 
directions and accurate detail is retained. 

Naugatuck Div., U. B. Rubber Co. 


removed from the 


facings such as those developed by 
| 


Goodyear Aircraft Co 


Fig 3) can 


The material allows for ready 


foamed-in-place sandwich construction 
than by previously used honeycomb 
constructions. 

Advantages of the foamed-in-place 
isocyanate and glass reinforced poly- 
ester sandwich for radomes are: 

(1) The radome shapes can be 
molded without resorting to laborious 
hand fitting. The previously molded 
facings are placed in the mold and 
liquid isocyanate poured into the 
cavity between them. The foam plas- 
tic produced during the curing cycle 
bonds readily to the surfaces of the 
polyester facings. 

(2) Void-free glass cloth polyester 
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visual 
assembly and offers greater resistance 


inspection for defects before 


to delamination in rainy weather. 

(3) Core joints are not necessary. 

(4) No adhesives are needed. Sec- 
tions of honeycomb structures occa 
sionally fill with resin or adhesive, re 
sulting in interference with electrical 
performance. 

(5) Thickness can be held to close 
tolerances— -+0.003 inches compared 
to approximately +0.015 inches using 
the honeycomb structure. 

(6) Where a controlled varying 
thickness is required the foamed-in 
place construction is almost mandatory 
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Fig. 4—Alkyd-isocyanate foam exhibits good uni- 
form cellular structure when properly processed. 


Conventional Void- ide 


Goodyear Aircraft Co 


Fig. 3—Comparison of porosity and transparency of 
conventional and void-free glass fabric reinforced poly- 
ester radome facings. The void-free material allows 
for visual inspection of the core and is more resistant 


to delamination than the conventional material. Fig. 6—(a) Air is whipped into rubber latex to produce an 
emulsion which cures to form light weight foam rubber. 


nd produced corro trol surfaces as much as 15 per 
larger in size, with decreases in weig! 

many organic pr ip to 10 percent and increase 
in contrast t strength up to 10 percent. Vibratii 
which either penc is practically eliminated by filling tl 
voids within the control surface, mak 

ing possib ;le hig rhe r speeds 

luminum alloy control surfa 
h as aileron tabs, have been fill 
with foamed-in-place isocyanate at 
other plastics to provide added rigidi 
easier. No ex and to prevent skin fluttering. Some « 


experienced these other materials include cellu 


f 
engineers have ellulose acetate, foamed polystyr 
ethod of us ind expanded rubber m 
T (F um Ordnance Applications 
ible to The Naval Ordnance Laboratory |] 
cts now developed a foamed phenolic-rul 
ompound for possibl | 
plugs in semi | ammunition 
tridge cases his ty] immunit 
is used in the wal i n 
8 in. guns. Tl ng plug, wh 
of cork in older type guns, a 
buffer between the cartridge « 
ind the projectile during handl 
ind ramming. The p 
to withstand this sever 


tre 


re 
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Northrup Aircraft, 


Fig. 5—Expanded polystyrene replaces rib- 
bing for aluminum aircraft control surfaces 


United States Rubber Co 


(b) The whipped foam is shown being poured into the lower half of a (c) The final molded foam rubber mattress is 
large mattress mold. The workman is judging the amount of fill. easily removed from the waffle-like mold. 


yet break into small harmless particles 

during the firing of the gun. Cork 

has be found too weak to withstand 
tting that occurs 


I} + 
nas l 


aggre wae Expanded Plastics for Thermal 


sionally 


Insulation 


One of the early applications of Styro 
toam was to provide buoyat 
rafts 


sorption and 
idvantayes 
The foamed vinyls 
prominence in this fiel 
life rings, Fig 1 (b), 
Navy life raft are some of 
ucts successfully made from expanded 


Vin} This material does not crush 
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also used for insulation purposes. The 
material is available in liquid form 
ind foamed at the scene of the con- 
struction—with the advantage of sav- 
ing costly shipping space. General 
Electric and Westinghouse have pro- 
du ed foamed phenolics The G-E 
material is also available in foamed 


slabs 


Ihe phenolic foams have an open 
| structure similar to the aerated 
ca-formaldehyde and consequently 
have the moisture resistance of 
polystyrene Operating temperatures 
are higher for the phenolic foam, how- 

up to 300 F for continuous serv 
i The presence of formaldehyde 
odor renders this foam objectionable 
in household refrigeration applica- 


tions 


10 not 


Cellular cellulose acetate does not 


have as acceptable a K factor as other 
foamed plasti s but it has good heat 
resistance ( 390F, max), good moist If 


absorption, and light we 


with outstanding heel il strength 
Some of its strength properties include 


ght coml ANC d 


compre ssive strength, 128 to 235 ps! 
tensile strength, 112 to 183 psi; flex 
ural strength 73 to 


upon the density 


177 


psi, depending 


Cellular rubber is used in both the 
hard and resilient forms for thermal 
insulation. It is made by expanding 
ither natural or synth rubber with 
nitrogen to produce a uniform non-in 
terconnecting cell structure. The soft 
material varies in density from 8 to 18 

f 

í 


Ib per cu ft with a K 


ctor ot 0 


WASHINGTON—-Paint makers have 
hardly scratched the surface of the 
LETO ol paint spray market, according 
to Paul Engstrum who runs an aerosol 


research laboratory in Washington. 
Engstrum has recently developed a 
non-clogging valve for the spray bomb 

Since the introduction of aerosol 
propelled insecticides to the consumer 


market in 1946, paint manufacturers 
have been eyeing the obvious market- 
ing advantages of a self-contained 
icrosol mb 

Most paint manufacturers deferred 
the step into the aerosol field for three 
reasons: some doubt of consumer a 
eptance; a la k of technical informa- 
tion on the proper methods of mixing 
paint and liquified propellant; and 
lack of an adequate paint valve. Suc- 
ess of the insecticide industry in the 
ise of aerosols has effectively answered 
the first reason. More paint aerosols 


are not sold because of trouble with 


198 


Big Future Predicted for 


density from 5 to 20 Ib per cu ft and 
has a 0.20 to 0.25 K factor. The hard 
material, such as Sponge Rubber Prod- 
ucts Company's Cell-Tite can be post- 
formed by heating and shaping. 

The combination of light weight, 
good K factor, and good chemical re- 
sistance make cellular rubber suitable 
as a thermal insulating medium that is 
subject to contact oils, fats or solvents. 


The foamed vinyls are the newer 
expanded plastics to enter the insula- 
tion field. They are characterized by 
their toughness, good insulation prop- 
erties, non-inflammability and non- 
Corrosiveness. 


Shock Absorption Applications 


The softer, more resilient foamed 
materials, Fig. 6, find extensive applica- 
tion as shock absorbing media. This 
field includes protective packaging, 
padding, engine or equipment mounts 
for reduction of undesirable shock or 
vibration, and comfort rendering 
equipment such as seat cushions, arm 
rests, rug underlay and mattresses. 


Foamed soft rubber is the most 
widely used material for the above ap- 
plications. Expanded vinyl is finding 
some use for crash protective padding 
inside tanks or planes because of its 

deadness" or lesser rebound tendency. 

Foamed rubber and vinyl are useful 
as gasketing and sealing materials, 
especially in refrigeration equipment 
anc d other low te emperature applications 
where their insulative properties can 


be used to advantage 








valves. The valve problem and insuf- 
ficient knowledge about formulations 
have prevented paint makers from get- 
ting enough paint into the aerosol 
[ ombs 

In a 12-ounce container, the paint 
maker should get 70 percent paint and 
30 percent gas, Engstrum said. Studies 
of one sample have shown that the 12- 
ounce bomb contained but 8.8 percent 
solids, while the paint should be about 
30 percent solids 

Engstrum has designed a needle 
valve in which a needle or pin raade 
of special material is placed at the 
utlet. Each time the valve is opened 
or closed, the needle action wipes the 
residue from the orifice. He claims his 
valve will permit formulations con- 
taining up to 30 percent solids. 

Engstrum sees many possibilities for 
the aeroso! spray bomb. One of these 
is a small "touch-up" paint bomb to 
be put on every car as it leaves the auto 





Aerosol Paint Units 





Embedments for Electrical 
Components 


Foamed-in-place resins are being 
used as embedment materials for ele 
trical and electronic components. Th 
components or groups of component 
are completely embedded in the resir 
as a protection against shock, moisture 
dirt and fungus. The foamed ma 
terials offer the advantages of light 
weight, low dielectric constant and 
power factor, low moisture absorptior 
and good resistance to shock and de 
terioration. They have the disadvant 
ages of poor heat dissipation and po 
resistance to distortion by heat. Diiso 
cyanate type foams, such as Lockheed 
Aircraft Corporation’s “Lockfoam’ 
and Melpar, Inc. foam resin have beer 
used successfully. 

The extent of the foam plastic d 
velopment now in progress in th 
above fields presages a large increas 
in their applications. Present use has 
been deterred by high price and poor 
availability The  foamed-in-plac 
resins can be expected to find applica 
tion in light weight panel construction 
such as refrigerator doors and cabinets, 
table tops, housings for electrical and 
mechanical equipment. In France an 
entire radio station was lined with 
foam plastic panels for insulative and 
acoustical purposes. The role of foam 
plastics in reducing the effects of noise 
and vibration will also expand. 

The potentiality of these materials is 
sufficient to warrant their consideration 
in present and future structural and 
functional design 





factory. The bomb would contain the 
color of the paint used on that car 
and the owner would use it to spray 
over scratches. It could also be used by 
repair shops for minor repainting jobs 
on the car after a fender or body job 

Engstrum’s research laboratory is 
now working on a contract with the 
Army Ordnance Department for de- 
velopment of an aerosol formulation 
for an ignition insulating compound 
This compound is to be used on en 
gines for protecting the ignition sys- 
tem from shorting caused by moisture 
These compounds are now brushed on 
with long camel-hair brushes; brush- 
ing does not reach the difficult spots 
and is time-consuming. 

Paint firms themselves are at work 
too. The National Paint, Varnish and 
Lacquer Association states that every 
major paint maker is working on aero- 


sols. Several are supporting studies at 


an industrial research laboratory. 
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long way of diamonds 
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short way of diamonds 
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FDouble thickness of steel af bridges- ^^ 


Short way of þe- 
Flattened mesh 


diomonds 


a Short way of —e í 


diamonds 


- -- Flat recfangular bridges- - 


Fig. 1—Long dimension of diamonds and sheet 
are parallel in both standard and flattened mesh. 
Sectional views show relative positions of bridges. 


Expanded Metal 


A sheet of carbon steel, stainless, aluminum, or special-property alloy 


goes a long way when made into a diamond-shaped lattice having high 


strength and rigidity. A few of the many applications are machine guards, 


ventilating panels, functional and decorative parts in electrical assemblies. 


ROBERT P. INGOLS 


Penn Metal Company, Inc. 


WHEN A SHEET OF STEEL, aluminum 
or Inconel is cut and spread to form 
a sheet of expanded metal, up to a ten- 
fold increase in sheet area takes place 
The resulting lattice structure has high 
strength and rigidity, and can be 
formed, fastened, welded and finished 
according to standard procedures. The 
principal uses for this material are 
therefore in assemblies where the pas- 


sage of air through the sheet is impor- 


tant, where weight must be relatively 


Propucr ENGINEERING — APRIL, 1952 


low or where a protective barrier 
around a moving part is needed 
Expanded metal is made in two 
types—standard and flattened. The 
solid stock is cut and drawn into open 
mesh sheets eight feet long in vari 
ous widths and gages by a die-knife so 
that even diamonds are formed with 
uniform strands. Each row is joined 
by successive uncut portions or bridges 
of metal. The similar to 
cold drawing and increases the strength 
of the steel in the finished sheets 
through cold working. All burrs and 


sharp edges are removed to insure 


pro ess IS 


bCcausc sag 


le SS than wo 1] l 

sheet Or woven wit 
Flattened expan led 

by the same basic pro 

except that 


the 
standard type, 
expanding operation, the 


passed through flattening rolls when 
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200 


mesh, 


-No. 16 0.41 


(SWD) from center 


Table I 


Normal 


Weight, size of mesh, Size of U. S. Size of 
size of Ib/sq ft Dimensions | center-to-center strands, in. Std opening, in. 
in. of sheet, ft of bridges, in. Gage 
Plain Galv Width | Length | Thick | Width Width | Length 





No. 20 0.86 1.29 4x8 0.2500 1.000 0.036 0.073 20 0.172 0.718 
No. 18 1.14 1.71 4x8 0.2500 1.000 0.048 0.073 18 0.172 0.718 
1/2—No. 40 0.40 0.50 4& 6x8 | 0.4620 1.200 0.048 0.047 18 0.437 0.937 
No. 18 0.74 0.91 4& 6x8 | 0.4620 1.200 0.048 0.086 18 0.375 0.937 
No. 16 0.84 0.97 4& 6x8 | 0.4620 1.200 0.060 0.078 16 0.375 0.937 
No. 13 1.47 1.73 4& 6x8 0.4620 1.200 0.090 0.091 13 0.344 0.906 
3/4—No. 16 0.50 0.59 4& 6x8 | 0.9230 2.000 0.060 0.092 16 0.812 1.750 
No. 13 0.80 0.92 4& 6x8 0.9230 2.000 0.090 0.098 13 0.750 1.688 
No. 10 1.20 1.36 4& 6x8 0.9230 2.000 0.090 0.148 13 0.750 1.625 
No. 9 1.80 1.95 46 6x8 0.9230 2.000 0.134 0.148 10 0.688 1.562 
1 No. 16 0.44 0.51 4x8 1.0000 2.400 0.060 0.089 16 0.875 1.937 
1 1/2—No. 18 0.20 0.28 4x8 1.3300 3.000 0.048 0.068 18 1.312 2.625 
| No. 16 0.40 0.48 4x8 1.3300 3.000 0.060 0.107 16 1.250 2.625 
b p No. 13 0.60 0.68 4&6x8 1.3300 3.000 0.090 0.107 13 1.187 2.500 
No. 10 0.79 0.89 4& 6x8 1.3300 3.000 0.090 0.140 13 1.187 2.500 
{ No. 9 1.20 1.31 4&6x8 1.3300 3.000 0.134 0.143 10 1.133 2.373 
E» * Similar data are available for the flattened mesh material. Values for weight/square foot, thickness of strands and 
C£ size of openings are slightly less than for the standard mesh; normal center-to-center length of mesh and width of strands 
de are slightly more. Sheet widths are either 4 by 8 or 3 & 4 by 8 feet. 
PI Table II—Sheet Data for Stainless Steel (Type 302) Expanded Metal 
> Normal 
. Wt, size of mesh, Size of U. S. Size of 
> Nominal size of Ib Dimensions center-to-center strands, in. Std opening, in. 
ale mesh, in. sq ft of sheet, ft of bridges, in. Gage 
i Width | Length | Thick | Width Width | Length 
* da STANDARD MESH 
p 1/2—No. 18 0.78 4& 6x8 0.460 1.20 0.050 0.086 18 0.375 0.937 
HM No. 16 0.98 4& 6x8 0.460 1.20 0.063 0.086 16 0.375 0.937 
ie )/4—No. 18 0.47 4& 6x8 0.923 2.00 0.050 0.099 18 0.812 1.750 
No. 16 0.59 4&6x8 0.923 2.00 0.063 0.104 16 0.812 1.750 
| 1] 1/2— No. 16 0.43 4& 6x8 1.330 3.00 0.063 1.250 2.625 


FLATTENED MESH 


26 0.039 


No. 18 0.74 3&4x8 0.460 1 

No. 16 0.93 3&4x8 0.460 1.26 0.051 

No. 18 0.45 3&4x8 0.923 2.10 0.039 

No. 16 0.56 3&4x8 0.923 2.10 0.051 
3&4x8 1.330 3 


15 0.051 


jl Ihis proced O A t scription 
turning the phy ica proj rties « 22519 ( Ix or a sheet 6 ft wid 
tained by cold-drawing, gives the sheet y 8 ft long with a mesh that is 4 in 
a flat appearance, Fig. 1, similar to «ross the short dimension of the 
| perforated vith diamond-sha nond. The number “18 generally 
| openings. The she is. finish responds to original gage of 
| approximately two gages lighter thar t metal before expansion. The ac- 
the original stock | stron ge 1àl il gag l also listed in Tables 
perforate sheet of ke thickr | i H ho where th« sad 


sions are £i 
width by the length 
ing is defined by 


1 pt shown in the tables for 
by the nominal dimen- enter-to-center mesh size, size of 
way of the diamond trands and size of opening should be 
f ) CC r oi ( whe ble } ] 


r possible when selectins 


Sheet Data for Standard Mesh Carbon Steel Expanded Metal* 
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0.109 16 








0.101 18 0 250 1.000 
0.101 16 0.250 1.000 
0.105 18 0.750 1.781 
0.105 16 0.750 1.781 
0.127 16 1.062 2.750 










the mesh for a given design, because 
y to standard material. In 
cases where a design demands slight 
divergence from the values in the ta 
bles, special dimensions can be speci 

l. Delays in material 
and additional expense usually accon 


they apply 


fic 'rocuring 
pany such changes 

In designs involving the passage o! 
ur through expanded metal, the main 
onsideration is the unobstructed flow 
Table III, through a given area. Gen 
erally, the standard mesh is preferred 
he flattened material because there 
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Fable HI—4Air Flow Comparison I| able IV 


I rcc Ope nings 


Nominal Unobstructed air flow, cu ft/min Nominal 
size of mesh, for various velocities, ft/min | size of mesh, 
in. 


Percentage of openings 
approx 

in. 

500 | 1,500 | 3,000 Min | Max 


STANDARD MESH STANDARD MESH 


No. 18 | 71 
No. 16 83 88 
No. 13 79 
No. 10 76 
No. 9 

No. 13 86 
No. 10 84 
No. 9 73 78 


410 
475 
450 
410 
405 
490 
470 
460 


,275 
,395 
,365 
,305 
, 230 
,425 
365 
,335 
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FLATTENED MESH FLATTENED MESH 


360 1,140 No. 18 
375 1,155 No. 16 
400 1, 260 | 3/4—No. 16 
400 1,245 | No. 14 
390 1,200 No. 9 
470 1,350 | No. 16 
480 1,365 : | No. 14 
475 1.365 No. 9 








Standard Accessories 


ua e e 
bor 


Partition bar Frame bor Partition bar 


corner plote corner plote section clamp 


C-Stiffener - | 


Ir 


Rolled ba 
edging Standard clip 


is a larger percentage of open area 
Table IV, resulting from the configura- 
tion of the bridges and strands, as 
shown in Fig. 1. Percentages of open 
area range from 61 to 88 for standard 
ind 50 to 85 for flattened material. 
There are many factors that influence 
the selection of the mesh for a de- 
sign involving air flow. As these fac- 
tors vary widely, it is best to consult is to use light mesh and heavy 
the supplier before making a choice. members. Generally, the fran 
The question is frequently asked, reinforcing members when applied 
What weight mesh should be used and fabricated are more expensis 
to obtain a certain deflection under a the heavy mesh. Naturally 
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Load in lb for various sizes of mesh, in. 


Table V—Defiection for Various Loads 


STANDARD MESH 


12-in. span by 12 in. wide 





35 | 25 | 

70 | 50 | 
95 | 65 

120 | 85 | 

| 95 | 

10 | 








100 115 
200 230 
335 426 
500 680 
900 1,035 
1,375 1,400 













1/4 125 140 

210 250 
1/2 300 350 
5/8 420 505 
3/4 540 660 


manner the inherent strength of 
x} inded metal reduces deflections. 
Expanded metal, like ordinary steel 
usually fabricated to some ex- 

fore it is applied. This may 
merely consist of shearing and paint- 


tent he 


ing or it may involve several other op- 
erations such as bending, framing, 
welding or reinforcing. It can be 
sheared crosswise of the diamond (in 


the short lirection ) along a line of 
bridges. However, it is difficult, if not 
impossible, to shear along the bridges 
the long way of the mesh. 

It is generally more economical to 
apply edging to the raw sheared edges 
than it is to cut on the center line of 
bridges. Edging can be one of the 
standard rolled products shown above 
or of special design for a given appli- 
cation. In cases where framing of an- 
gles is used or where the expanded 
metal is applied on the inside of a 
sheet metal container or cabinet, no 
202 


e me 





No. 18 | No. 16 | No. 16 | No. 14 


95 120 
205 240 
385 415 
530 570 
825 860 

1,135 1,200 













55 135 


155 275 340 
240 410 485 
300 560 675 
405 750 895 


950 
24-in. span by 12 in. wide 


35 | 40 55 | 20 | 25 
60 80| 110 40 | 50 
85|  100| 180 55 | 70 
110 120 260 75 90 


150 365 100 115 
190 | 500 120 150 


FLATTENED MESH 
12-in. span by 12 in. wide 











1 1/2 
No. 16 | No. 14 





No. 9 








24-in. span by 12 in. wide 








50 70 115 
100 145 210 60 80 
175 220 275 80 135 
250 300 335 100 200 
370 410 530 140 285 


480 560 760 160 370 


edging is required. The purpose of 
the edging is to provide a safe edge 
and is not economical unless absolutely 
necessary. 

Expanded metal can be welded by 
any of the conventional methods, al- 
though special precautions should be 
taken with aluminum. Arc, spot or 
pressure welding is most commonly 
used. In arc welding, the size of the 
electrode should be in proportion to the 
size of the stands; usually y to y 
in. rod is best. Coated rod is consid- 
ered best on all uses except where 
galvanizing is involved. A light weld- 
ing machine is preferable to a heavy 
machine with reduced amperage. 

Little warpage is encountered when 
arc welding is used because the nature 
of the mesh tends to localize the ex- 
pansion that takes place at welding 
temperatures. Welding mesh into 
solid prefabricated frames requires in- 
termittent welds (spacing and filling 













Load in Ib for 
various meshes, in. 


12-in. span by 24 in. wide 









1,030 | 4,020 
24-in. span by 24 in. wide 


















30 60 90 55 
55 100 190 100 
85 135 390 150 
105 170 610 290 
275 980 450 

375 | 1,180 675 


12-in. span by 24 in. wide 
3/4 1 1/2 
No. 14 | No. 14 | No.9 

























205 160 200 








440 340 530 
2,025 500 920 


1,860 750 1,550 
2,950 | 1,000 2,260 






in) if buckling is to be avoided. One 
method is to make every third weld in 
the first operation and then fill in. 

In gas welding, more warpage or 
buckling generally occurs because the 
heat is distributed over a larger area 
than in arc welding. The chief ad 
vantage of this technique is the 
smoother finish obtained. In either 
gas or arc welding, as well as in spot 
welding, it is desirable that the mesh 
and framing members be as nearly 
equal in gage as possible. 

Although plain carbon steel ex- 
panded metal is generally used, stain- 
less steel and aluminum are gaining 
in popularity. New uses in chemical 
handling, food handling, refrigera- 
tion, radio and television sets are be- 
ing developed. Monel, Inconel and 
nickel expanded metal have recently 
been put on the market as standard 
items for use in applications where 
the special properties justify the cost. 
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unit 


TECHNIC 


CODE CONVERTER 


CHARACTRON TUBE 


DRIVE MOTOR AND PAPER 
SYNCHRONIZING CIRCUITS 


PAPER DISCHARGE BEZEL 
| PAPER CORONA 
\\CHARGING ELEMENT 


g GUIDE "P. PRINTED COPY 
PAPER E 
DRIVE 








POWER SUPPLIES 


CHARACTRON HIGH SPEED PRINTER is combined with 
Xerographic printing equipment to provide a small, versatile out film or liquid chemical processes. The 
unit capable of reproducing electronic pulses into readable in- small enough to conveniently fit most offices 


> tou 


TENSION 
IDLER 


PAPER SUPPLY 


formation on paper at speeds of 20 in. of paper per second with 


propose d unit is 


Tube Changes Electronic Impulses Into Visual Information 


AN ELECTRONIC TUBE developed by 
Consolidated Vultee Aircraft Corp. 
changes electronic impulses into visual 
information that can be viewed on a 
screen or reproduced for permanent 
record on ordinary paper. Called the 
Charactron, the tube can transform 
information at the rate of 10,000 
characters per second. 

The Charactron has a unique de- 
sign among cathode ray tubes. A 
matrix containing character-shaped 
Openings is located between an elec- 
tron gun and the fluorescent screen at 
the viewing end of the tube. Electric- 
static fields selectively direct a stream 
of electrons through the matric open- 
ings and form a shaped beam. This 
beam produces characters on the screen 
of the tube where they can be read or 
recorded. 

Either electro-static or electro-mag- 
netic deflection places the character 
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image On the viewing screen in the computer turns them 
same manner as in a television tube. will reduce the time requir d to mov 
Proper sequence of applied deflection this information from the comp 
voltages selects and positions the matrix — section to the design section 
characters. The device can also be 
Convair has put the Charactron in a performance studies over 
printer that uses the Haloid Company's time ranging from a 
Xerography reproduction process This second to many minutes 


IUC 


device called the Charactron High- might include vibration analı 
Speed Printer operates at a printing termination of servo-systen 
speed of 20 in. of paper per second meters, wind-tunnel tests 
And the printing is done directly on sion of tele-metering 
newsprint or multilith paper, without One important 
using film or chemical processing. verter being 

Current development work includes that will measure 
application of the Charactron to the in the form of elect: 
computor field and to special military present them as three-pl lace 
projects. on the viewing screen of 

One big use anticipated for the tron tube. In such 
printer is the reproduction of infor- voltage levels can 


15 


i 


mation supplied by high-speed com- mal number values witl 
puters. By producing tabulations and seconds and with an 
data directly on paper as fast as the part in one thousand 
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Deformation of Two-Phase 
Alloys Studied 


MELBOURNE-—Using wire drawing 


as the method, and crystallization 


temperature as an index of th degree 


ntists of the Aus 
tralian Commonwealth Scientific and 


of d formation, s 


Industrial Research Organization hav 
rad extensive studies on the defo 
ition. effects ol two-phas alloy 
In duplex brass, it was found that 


1 1 a 1" 
rystals of both phases in alloys con 


' ` ] 2 i 1 
uning more than 50 percent by vol 
me of the hard phase deformed to 
he same extent for a total deforma 

tion Ip to 80° reduction in area 

Ir I] ‘tanino 1 } " i 
n alloys containing 10 and 0 percen 
y volume ot th hard phas th 

| | i 
ivicr detormation always o ured in 


the softer phase with the lifferet 


1 1 
n deformation of two phases bc 
1 +} total f t 
ming ess as n otal deforma ion 
] 1 
15 l ond a p lug 
P r 
1 


Effects of Nitrogen on 
Low-Temperature 
Brittleness of Steel 


THE NATIONAL BUREAU OF STAND 
ARDS investigating tow temperature 


I 


] 
operties or steel has found that th 


ttect of nitrogen content depends on 
the chemical form in which the nitro- 
1 is found 

Nitrogen, if present as aluminum 
nitride, improves low temperature 
notch-toughness, and lowers the tem 


perature at which the steel becomes 
brittle. But nitrogen in the form of 


nitrides of iron or manganese is detri- 
mental; decreasing notch-toughness 
ind raising the transition temperature 
A certain amount of nitrogen finds its 
way into steel during manufacture even 
though it is not added on purpose 
Samples studied at NBS were 0.3 
percent carbon steels containing 0.9 or 
1.6 percent manganese, 0.2 to 0.3 per 
cent silicon, and variable quantities of 
nitrogen. V-notched specimens wer 
fractured in Charpy impact tests at 


temperatures ranging trom 520 to 
212 F These samples became 

brittle at temperatures from 50 to 
60 | 


Additional steel samples were alu- 
minum-treated. This changed the ni 
trogen into aluminum nitride. As the 
percentage of aluminum nitride in 
creased, the transition temperature was 
lowered to 140 I Aluminum- 

samples fractured at tempera- 
es 54 t. 90 degrees Fahrenheit 
lower than u..treated steels 

Further studies indicate that the tran 


sition temperature depends on many 





THIS CENTRIFLOW JET ENGINE was developed by students at the Northrop 


Aeronautical Institute to power small private planes at speeds up to 300 MPH 


Weighing 1 


combustion chambers installed parallel t 


pounds and producing à 


204 


diate plans for production, Northrop will fli 


thrust of 340 pounds, the engine has four 


engine axis. While there are no imme 


ght test the engine in the Ryan Navion. 


PRODUCI 


0.08 


Aluminum nitride, percent 


o 
o 
N 





00 80 -60 
Transition temperature, C 


U 


TRANSITION TEMPERATURE | fro: 
ductile to brittle behaviour is lowered a 
the aluminum nitride content goes up. I: 
this figure, solid curves in lower right cor 
ner indicate 1.6 percent manganese steel 
not treated with aluminum; open circles 
1.6 percent manganese steels treated witl 
aluminum; triangles, 0.9 percent man 
ganese steels treated with aluminum. 


factors. These include chemical cor 
position, manufacturing process, sul 
thermal and mechanica 
treatment and method of applyin 
stress. Many of these are difficult t 
control. Therefore, concrete informa 


sequent 


tion about the effect of nitrogen, 
controllable element, is extreme! 
valuable in designing refrigeratior 
equipment, military vehicles ai 
equipment for use in the arctic 
aircraft that fly at high altitudes 


The low temperature increase 
brittleness, or loss oft toughness, 
generally accompanied by a decreas 
in ductility; by a decrease in energy 
absorbed in fracturing; and by 
change in appearance of the fracturing 
surface. Appearing fibrous in hig! 
temperature fractures, the surface b 
comes granular in fracture occurring a 
low temperatures, 


Previous investigations into the et 
fect of nitrogen on low temperatur 
properties produced conflicting reports 
Researchers found a beneficial effect 
a detrimental effect, or no effect, a 
nitrogen percentages were ink reased 
The NBS study explains the inconsis 
ency of this previous data by determin 
ing that the effect depends on th: 
chemical form in which the nitroget 
is found, the amount of aluminun 
nitride, and not merely on the per 
entage of nitrogen contained in the 
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ON 
B-5 
the 


pla 


ON THE OUTSIDE, there is no similarity between the simulator and a INSIDE OF COCKPIT duplicates the cockpit of a 
B-50. The former is a box-like structure, with only the front resembling B-50 exactly. Here pilot handles the controls in 
the nose of an airplane. Beside it are four cabinets; one houses the power the simulator under take-off conditions. Co-pilot 


plant, three enclose analogue computers, servo mechanisms, and amplifiers and flight engineer are trained at the same time 


Electronic Simulator Teaches Air Crews to Flv On the Ground 


AN ALL-ELECTRONIC DEVICE that sim and flight en 
ilates in every detail the flight chara ments occupy 
teristics of the Air Force's B-50 is now _ the actual air 
training combat airmen. Using blind react just as 
flying techniques à } , co-pilot, and The instru 
flight engineer take ' aif > introduce emer 
luced troubles 
ip, into the air and finally | t tions, engine 
wth without leaving the | 
simulator will do everyt rheating 


C 
; ; 
X reflected 


umplifiers. The servos and amplifiers 
ontinually solve differential equations 


th 
Lil 


relating to flight and engine power as It 
in instructor sets up flying conditions through check 


All the servos are related; many re or engine-stopping 


) 
1 : 
ceive controlling impulses from five als this fact to th 


or six other units ing what step was 


The insides of the sim upl landings are ma sing 


i i : i i 
the airplanes cockpit exactly iilt-in Ground Control 


1 
i 
s a place for the pilot pilot I 








AEC Unveils Details of 
Largest Research Reactor 
THE | S. ATOMIC ENERGY Con 
MISSION has declassified Certain 4 


struction and operating details 
low-power nuc lear reactor 
Brookhaven National Laboratory 

designed this unit, largest of i ' forms a gap for cool 

in the United States, for resear sands of cubic feet of air are 


he pr duction of radioisotopes f ind. circulated 
1 " 1 
industry and. the medical. professi Concrete sl 


Purpose of the declassification nclose the « 
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AEC Reveals Details of Brookhaven Nuclear Pile 


WOODEN MODEL OF THE NUCLEAR REACTOR, or 
"atomic furnace," at Brookhaven National Laboratory. The 
black area in the center, inside the shield, represents the graphite 
cube, the "housing" of the "furnace." The white rods in the 
cube represent aluminum cartridges which contain pure uranium 
metal, the "fuel" which "burns" or fissions, in the chain reaction 
of splitting atoms of uranium. The reaction releases atomic 


| 


EAST FACE IS A RESTRICTED experi- 
mental area Here beams of neutrons 
emerge through ports in the face for 
studies of the properties of neutrons them- 
selves, or of materials they strike. In the 
center experiment, a beam of neutrons 


" Sy 
Reflected neutrons ‘ee E P eu m 
ra 


comes out of the reactor face, and is re- 
flected by a mirror 


are then detected by a bank of counters 


inside the shielded array (center). Neu- 
tron counts are recorded on the panel at 
right, which also supplies voltage for the 
counters In the background, behind 
shielding, is a slow-neutron chopper. 
This instrument selects neutrons accord- 
ing to their speeds. It consists of fast 
rotating disks with openings arranged so 
that only neutrons of a certain speed will 
pass through; neutrons with different 
speeds are absorbed by the metal of the 


disk " 


particles, known as neutrons, for use in experiments and for 
production of radioisotopes. The cube is enclosed in a shield of 
heavy concrete five feet thick. However, scientists can use slow 
neutrons which "leak" out of the graphite cube. The top is 
normally sealed off by the interlocking concrete plugs shown. 
Experimental equipment can be set up in place of one or more 
plugs. Reactor is largest of its type in the world 


| HN =a 


PRODUCT ENGINEERING APRIL, 1952 


WFST 
(far le 
withou 
first bz 
spectre 
the re 
beams 
On th 
equipr 


IS ke] 


SOUT 
FACE 
loadec 
wall i 
a chai 
eight 

range! 
sides 

holes 
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WEST FACE IS OPEN to all qualified scientific people. The security walls NORTH FACF CONTAINS A pneumatic tube sys 
(far left and far right) seal the area off so that it can be used for experiments tem. A sample is inserted into one of the tubes 
without revealing classified data from other parts of the structure. On the above or below the long balcony, and sped into the 
first balcony, physicists and chemists are performing typical experiments with reactor for bombardment by 
spectroscopes for measuring the energies of neutrons in beams emerging from turned, radioactive, for use in experiments. The 
the reactor. The round ports or openings can be used either to let out such system is useful in making radioisotopes of short 
beams or for inserting substances to be made radioactive inside the reactor. half-life which 
On the ground floor and on the second balcony are health physicists with 
equipment for monitoring the ports, to make sure that background radiation 
is kept below tolerance levels. Reactor supplies isotopes to industry. 


neutrons It is re 


lose their radioactivity in seconds, 
or minutes. Deliveries can be made directly into 
one of several adjoining laboratories, for use in 
connection with special experimental equipment 


SOUTH FACE IS THE LOADING 
FACE. Tons of pure uranium metal are 
loaded through the holes in this shielding 
wall into the graphite moderator to start 
a chain reaction. The rows of holes are 
eight inches apart and represent the ar- 
rangement of the uranium metal as it re- 
sides in the graphite moderator. The 
holes can also be used to insert certain 
types of metals and other substances to be 
irradiated by neutrons for industrial uses. 
The technician in the photo is standing on 
an elevator which enables him to move to 
any level of charging holes. He is using 
a periscope to view the handling of radio- 
active materials by remote control. A 
wall of heavy concrete five feet thick pro- 
tects him from radiation given off by the 
reactor. Only the west face has been de- 
classified. Remainder of the reactor is 
still off limits to all but those with AEC 
security clearances based on an FBI in- 
vestigation. Purpose of the declassification 
was to advance the art of reactor tech- 
nology by making this information avail- 
able to industrial organizations concerned 
with the transformation of atomic energy 
to electrical energy. 
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I.R.E. Convention: 
Trend to Tubeless Units 9 
May Revolutionize Electronic 
Industry; Germanium Is 

The Key Word mely 


rIoUs 


ment there are still some s 
tations. Most important of these 
fact that the junction 


does not lend itself to switching opi 


very hi 


because the capacitance is high 


tion Of the ingot and 
iwing a seed crystal from the melt. 
he lattices are oriented so that plane 
faces form along the side of the crystal. 
luced 


ex- 


the 


transl 


he use of single crystals has prox tions. Frequerx y response is 


rerm devices that have 


L manium 


emé iniform characteristics thus its dc impedance is high 
lhe first germanium tubeless device But despite limitations, this 
ELECTRONIG on w Í lk vas liode. These have replaced picture predicted by germaniui 
cloping f s of engineering, is O icuum tubes in army equipment and thorities: transistors and diodes 
verge of the eg ivan vision sets to a limited extent since find their principal use, at present 
nce the development of th he end of World War II. But wide automatic computer circuits. By repl 
€ accor ling to some industry obser pread applic ation ol diodes is now Ing Vacuum tube diodes and triode 
rs. Over 27,000 electronic engineers xpected because of the successful de tubeless units will reduce the siz 
iw signs of new trend, tubeles lopment of transistors to replace the computers considerably, and 
omponents, at the 40th annual con vacuum type triodes. A transistor is character of germanium devices w 
ention of the Institute of Radio En sually used with from two to six make more uniform results possi 
neers. Half a dozen major electroni liodes About 40 percent of the vacuum tul 
inufacturers feat | the new devi [wo types of transistors have been used in radio and television sets w 
the displays en tech levelop d. The point contact transistor also be replaced as soon as produ 
rted levcloj ses a 0.02 in. thick wafer cut from makes this possible. After that 
^ ent igle crystal. These have some anybody's guess 
Ad | o nitations, and researchers have been Now, germanium diodes are abı 
( new componct c im] I} orking on the junction type transistor. twice as expensive as vacuum 
« IC gi [ ! In th nit, which has just been suc But the price is falling as prod 
C c vcight, lon eq t with essfully tested, the semi-conductor increases and new suppliers ent 
( . luced maintenan C i nt is a thin wafer of germanium field. 
P ia p 1 devi nd red 1 pow o which impur ties have been Looking ahead, the Diggest use « 
$i» onsumption b« her » fil iffused from opposite sides. Produc these tubeless devices may be in | 
(3 its to hea on of thes ts is expected to start dustrial control applications Now 
e Ihe key word ibel nits j his nmet such use is out because of the limite 
r nanium, the silver white metal that N junction type transistor has power capacity of diodes and transi 
( d 1 sem ond or (its electrical proj inv adv intages Over earlier devices tors But several authorities felt th 
Hr are midway between an insulate hey luce noise levels, formerly a future developments would make co 
EM ind a conductor.) Germanium ut ous objection to the use of transis- trol equipment one of the largest use 
L hat hi Irea ly leve lope | ari tors; they operate at extremely high of tubeless units [he advantages « 
a Ix o replace vacuum tube diode fhicienci hey permit large savings tubeless industrial control equipm 
£ » d n ind transistors to spa \ operate it very low ar are obvious more rugged equipme¢ 
= triod Develoy Ow ind they use only small reduced maintenance; smaller size, « 
a i 
4 n proce g SO Oo şs Ot dc power Here is one indication of hi 
a Hy t hor | t Enthusiasm for all these advantages rapidly germanium ré search is prog 
is l € f s caused so gineers to £o over ing. It had been agreed that dio 
- And O1 rd making claims and counter and transistors cannot be interchan 
| | for junction type transistors lirectly with vacuum tubes. Beca 
Onc of KS tí jut at the present st iet of develop of the characteristics of the d 


interior vacuum impregnated 
M with inert wax for permanent 
protection ogainst fumes 

ond moisture 


State 1 f —f 2 ee 
it this is not insert shows! LA E : NS 
a a : I germanum drode " NI NS NN 
ibeless eleme So the octuol size pP 
in vertical ingots. I ot freez 
slowly from the botto D ài 
1 , f 
ties concentrate at both ends, ] dits imped 
tł midd] 5 $ vi ly ` Pigh ore en ; i 
ie middle section extremely | in niche! pin and Topered case of molded —ploted 
Germanium freeze Oa poly f welded for strong phenolic with glass filter 
sill aes, tial aeri t W] permanent connection shows direction of 
alline stt ig 1 current flow =» 
this structure was formerly used 
making diodes and t stor It V I A C I 
: tad teceptor Company, Ir 
not entireiy satisfactory 1 Or ¢ CROSS SECTION OF a typical germanium diode shows the simplicity of the device 
hart > for l $ mcbal ° . ] r 
urbances formed crys Extensive use of this unit will be made in automatic computers and radio and tel 
faces. Now sing f Is are used vision sets. Total length from pin-end to pin-end is less than one inch. Other germaniu: 
he crystals are growt Iting tl devices that have been developed are area rectifiers and transistors 
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iFcuits must bc designed « ypectally 


tubeless units. But Signal Corps 
entists reported to the LR.E. that 
y had developed, with Bell Tele- 
one Laboratory's help, a radio tele- 
converter which used transistors 
oughout—and these were inter 
inged wit acuum tubes without 
cuit The resulting device 
ighed ten pounds, as Compared with 
vacuum tube radio teletype con 
which weighed one hundred 


mds 


Use of Magnetic Amplifiers 
[s on the Rise 

Tubeless magnetic amplifiers are in 
increased demand. The military 


interested in these devi 
ey make rugged electron 


ine I.R.E. exhibitor « 


peed control that 


ling gear 


LOCKHEED RESEARCH ENGINEERS prepare to fatigue test transport lanc 


trom t if S, a 4 


iai 
Pressure comes lindrica 
} | s T stet structure at left 


new 500,000 Ib machine 
unbalance 


piston in 
hydraulic jack on floor and a rotating 


1 


es or relays. Selenium re 

magnetic core replaced the va 
bes. In this display, a dc motor wa 
perated from an a power suppl Powerful ! 


rectifiers converted the a 
» to full load, the mag E MOST POWERFI 


the speed tant SG MACHINE ever 


‘atigue Tester Exerts 500,000 Pound Force 


At any load uj 
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am} linet KC] | 

y changing the voltage 
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Defense Department Divides 
Electronic Responsibility 


VASHINGTON he electr 
1 tion resources agency 
ich of the military 


sponsibility for providin ' pr 


based on the estimat 
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needed by the combined 
t dates for the program 


ue 


tes for which expansion and kr 

w will be available. It does tu- tubes, strobotrons and flash tubes, thy- GE Predicts Wider Use of 

arranges for plant € ratrons (excluding hydrogen thvra à M. dn aee ind 
Ceramic Transmitting Tubes 


rons) 


t po Army Flat press 
1 | | ervice, no. tubes, glass and GT re 
Originated t hydrogen thyratr 


ind transistors, met 


lly buy but it 
insions and assignments 
Requirements 

nts are handle 
latter where the 


he manufacturer who is having pro 
resistors 


luction difficulties 
ervice handling the components, for ockets, conne 
elp, not to the one cont: ' lavy—All 
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These are the receiving 
phototul 


vill handle: 
Air Force—High temperature wir vacu 
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Oil- feed pressure - ~~ 





HOW OIL PRESSURES ARE distributed in plain journal bearings that are fed by an 
oil hole (left) and an axial groove (center) and a circumferential groove (right). 
NBS studies indicate that rate of oil flow is affected by these pressures. 


Oil Flow in Plain Journal Bearings Analyzed 


A SIMPLIFIED METHOD of analyzing 
the rate of oil flow in plain journal 
bearings has been develope l by the 


National Bureau of Standards to aid in 
the study of bearing design and opera 
tion. The researchers attempted to find 
the factors involved in supplying an 

juate oil flow to maintain a load 
wrying film and to dispose of fric- 
tional heat developed in the bearing. 


Iwo factors were found affecting 


the flow of oil from the ends of plain 
ournal bearings fed through an oil 
hole, an axial groove on the unloaded 
ide, or a circumferential groove: one 
results from the oil feed pressure; the 
other involves the hydrodynamic-film 
ipporting the load. In bear 
ings with a circumferential groove, the 


flow due to the hydrodynamic-film 
pressure is negligible in comparison to 





EFFECTS OF DESIGN on rate of oil 
flow caused by hydrodynamic pressure 
(left) and oil feed pressure (right) are 


— 
10 
é 


the other two types of bearings, both 
factors Cause appre iable flow. 

NBS scientists postulated that the 
rate of oil flow is the sum of two com- 
ponents: the flow rate caused by the 
oil feed pressure; and the flow rate 
produced by the hydrodynamic-film 
pressure supporting the load. Also, for 
any given type of oil-feed design, the 
two components are related to bearing 
dimensions and operating variables. 
This relationship is expressed in di- 
mensionless equations 


Q'u A 2 E HN 
PÈ L" P 
Q'u D C 4N 
"NS i’ = ) 


Where Q^ — flow rate due to oil feed 
pressure; Q^" flow rate due to 
hydrodynamic film pressure; p = 
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illustrated here. Graph at left shows 


hydrodynamic pressure effects are nil in 
circumferential grooved bearings. 
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absolute viscosity of the lubricant 
atmospheric pressure and bearing tem 
perature; p == oil feed pressure 
p — load per unit projected bearin; 
area; N — speed of journal; D 

journal diameter; L — bearing length 
and C = diametral bearing clearance 

The functions y, and yə whid 
depend upon the oil-feed design oí 
the bearing, were determined experi 
mentaliy for the three basic desig: 
mentioned. The results are illustrate 
graphically by plotting the paramete: 
Q" against the sommerfeld number 
S = (uN/P) (D/C)?, and plotting 
Q against the reciprocal of the som 
merfeld number. 

To obtain this information, it wa 
ecessary to separate the observed 
total oil flow into the two compo 
nents. Separation was done by plotting 
Qu against p for — values of 
pN/P. On this graph, the data fo: 
each value of uN/P alis on a straight 
line, the slope of which is equal t 
Q'u/p. The intercept at p = o 
Q"u. 

Results indicate that there was 
good correlation of the paramete: 
Q”/pC3 with Sommerfeld number 
different bearing clearances. Th 
differences obtained for bearings of 
different clearances when plotting 
Q’u/pC® against the reciprocal oí 
sommerfeld number are caused by 
bearing out-of-roundness, the result 
of deformation under load. 


Organic Chemical Replaces 
Soaps in Wide-Range- 
Temperature Greases 


GREASES SUITABLE FOR USE at tem 
peratures ranging from minus 80 to 
plus 400 F have been developed ! 
the Naval Research Laboratory. I: 
addition, the new lubricants stand up 
in storage much better than conven 
tional greases. 

NRL scientists replaced the soaps 
of fatty acids, usually used to gel 
lubricant fluids, with copper phthalo- 
cyanine, a blue organic compound 
This can withstand heat and oxidation 
In the past the soaps have caused the 
deterioration of greases in storage. 
And they lose their ability to gel at 
temperatures above 230 F. 

Four different types of greases have 
been developed: copper phthalocy- 
anine with: 1) silicone fluid bases, 2) 
with petroleum or synthetic oils, 3) 
with synthetic diester oils, and 4) 
with fluorocarbons. 

The silicone fluid greases have per- 
formed consistently at temperatures of 
480 F. The greases with petroleum 
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nthetic oils have excellent storage time and weighed only 3,500 pounds. INDUCTION 
erties. Using synthetic diester oils Lockheed reports these dies hav EQUIPMENT 


the phthalocyanine compound virtually unlimited life span (for ait 1947 must be 
luced a grease that may permit life- craft pe and can be easily re- fore June 30, 1952 
lubrication of instruments, fire  pairec 


if they crack dicates compliances with 
itrol equipment, and electric meters Parts being turned out with the and regulations Part 18 con j 
using certain fluorocarbons, scien phenolic dies include an airplane nose diation and interference ot this equ 


1 


s produced greases usable in the skin, Fiberglass radomes five feet in ment. Copies of ‘the regulations 
ige from 32 to 480 F. Low tem- diameter, and 14 feet one-piece liners be. obtained. from. the Governmet 
rature experiments have also been for the nose doors of P2V's Printing Ofhce, Washington, D. ¢ 
cessful is also being used 


Development of these new greases action draw dies and 


is stimulated research into the use of MAGNE-PROBE is a new instrument fo 
|| steel or high chromium steel for ting wear | aircraft exhau 
ill bearings that will stand these high | 


nperatures for long periods of time. Strain Measuring 
Technique Is Simpler, —— Peg en 
More Sensitive i i 


e stainless steel 
Reflection Plotter Helps 
Avoid Collision At Sea 


ALLOVS INCrcase 


ENERGIZING convent 


h hicl i the change 1n cr 
wit Ig V t r€ : 1 p 
l nu LT by excessive neat 
By PROVIDING SHIPBOARD RADAR with — — in 3 tive and stable 


visual course and speed recording € —— E measures the in 


ature, a reflection plott r developed Pi LET d xà whose core is the 
for t Aut e by scientis 
yv Ratheon Manufacturi í i 


s Since the inductan« 
of T« inology 


permits the ship's navigator 


i : portional to the 
| E d 1 [ Clectrical resistan à 
rack of all vessels within danger rang ; P ore material, a 


ind to plot the course of those ly 7 > = as they are stretch : orrosion of the stru 

tO Cross Or overtake his own vessel -— rop )perations bs Lhe device was devel 

Members of the crew do not have to "I D) p rings and fed Into à Spe lofsky of Pan Amer! 
| esigned amplifier. containing is being built by the 

7 vacuum tubes. By connecting the $ : 

f other vessels right on the face of 5*8€5 !D series, the number of slip 


sos Race. eel a ae A ot 2 
rings has been reduced 50 percen 
1€ radar scope I 
Ihe reflection plotter provides a ii AUTOMOBILI 


plotting surface made of non-reflecting 
plastic which fits right over the radar 


location of other ships 

| 
because they can plot the maneuvers ment Company 
A 


t 


) 
} 
I 


creen. Edge-lighting around the plot- 
r illuminates any objets placed in 
ontact with it so that marks made 


on the plott r by a grease p ncil be 


ome luminous. Other optical arrange 
ment makes these notations ippear a5 
f they actually were on the radar 
reen 
Radar pips caused by the presence of 


other ships are marked and their move 


ment followed to determine the dire 
tion and speed 


Plastic Dies Stamp Out 
Aircraft Parts 


COST REDUCTIONS ranging from 


per cent are claimed by Lockheed WORLD'S LARGEST THERMOPLAS 
Aircraft from the use of phenol: TIC molding has been produced by Amos 
plastic in place of Kirksite die metal. Molded Plastics. A complete refrigerator 
the past two years, the company has door-liner with molded-in shelves, butter 
roduced 200 dies using 107,000  «ompartment, and egg racks, it is five feet 
b ¢ . de : io >? »iohs j 
pounds of plastic instead of 1,900,000 wide, 38 in. high, 22 in. deep and weigh THE AMERICA? 
podad of scasce. kiekeite seven and a half pounds. Advantages of 
$ L € |" h] 


H : ING MATERIALS has 
ES i : , the molded liner over formerlv used ma- i 
Savings in toolmaking time and establishment of 


vidi f : ; terials include reduction of overall —À 
veight of fixtures have also ImpreSSCd weight, better insulating qualities, conser- let Memorial Lect 
lanufacturing specialists. One die 


: : vation of critical materials used in porce- each year at a meet 
veighing 171 5 tons in kirksite was lain enameled steel, and greater resist the first to be g 
iade of plastic in half the normal ance Anniversary Me 
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PHOTO COURTESY ELECTRIC AUTO-LITE 
> 
» Hundreds of thousands of feet of Silastic insulated 
/ cable are now produced every week by various wire 
|4 and cable companies. Sizes range from No. 22 to 
IZ 0,000 circular mils. Applications range from 
E wiring for the new House of Commons to ignitior 
E cable for Army ordnance vehicles and Navy 
control cable. 
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DOW CORNING CORPORATION 

Dept. No. R-16 , Midland, Michigan 

Please send me 

(3 Silastic Facts No. 10 on properties and performance 
C List ef Silastic Fabricators 
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Company 
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Silastic insulated wire and cable is in full 
scale commercial production now because 
Silastic retains both its physical and its 
dielectric properties at temperatures 
ranging from below —70° to over 500°F. 
Shock and vibration, hot oil, oxidation, 
corona, outdoor weathering and the mere 
passage of time have littie if any effect on 
the properties of Silastic. With high 
thermal conductivity and good dielectric 
properties over a wide range of 
frequencies and at both high and low 
voltages, Silastic is unique among electrical 
insulating materials for traction motors 

and Banbury mixer motors as well as 

wire and cable. And no other resilient 
gasketing material is serviceable over 

so wide a temperature span or in contact 
with oil at such high temperatures. 


*T.M. Reg. U.S. Pat. Office 


ATLANTA 
CHICAGO 
CLEVELAND 


DOW CORNING CORPORATION Skaidi 
MIDLAND, MICH. UALKILIS 
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NEW YORK 
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in Canada: Fiberglas Canada Ltd. Toronto 
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Fluid Flow Through Oritices 


RAYMOND J. NOVOTNY 


Research Engineer, Reaction Motors, Inc 













ON PAGES 215 and 217 are nomographs for determining From 0.75 on Cp scale to 15 N LW 
the factors involved in the flow of fluids through orifices ind mark intersection (0) on index E 
Nomograph No. 1 is designed to solve the following lensity value 31.2 on p scal «tet 
equation for any one of th variables providing the oth AP scale and mark intersectior X | 
four are known, considering nd? as a single variabl Yraw line O-X and note intersect M) on i 
W =0526C ») Vo WV aP rom number of orifices (20) o1 
hrough M to intersect d scale wl 
where | 








MES may DE noted 





fluid flow (Ib per s« 











. : Answer 0.186 in 
Cp = orifice discharge coefficient 
; Diameter 'reater than S a P sad 
n - number of orifice holes aueter» Bivate uen ' AY t À 
: igeDraically from the nd- reading 
d = diameter of orifice holes (in ‘ 
— » " 1 m I » f. 
p = density of fluid (Ib per f Ihis nomograph also n 
AP - pressure drop across orifice (psi tn equation 


INSTRUCTIONS FOR USE: 





To find: 


W/ Draw a line from point on density scale p to the 













x âP, pressure drop across orifice, 
known value on the AP scak From the interesection of leal fluid vel i 
. 1 ? — ideal Huid velocity through orice i 
line p—AP with index line B extend a line to the cor s " 
rect point on nd? scale and note the intersection with the Instructions for us a 
index line A. Through this intersection extend a line from dnd a a i p dine 
C W S i 1 .Xtend a line from p to AP, scal ind note the 
p scale to the scale and read the desired value. ae as dica Le dh des! 
` : E on: à i ! š 1 intersection on tne v scale nis sing Í process cat 
Co From the density value on the p scale extend a ] i aa i 
be used to soive for any or X the [actor nt above 


line to AP and mark the intersection on index line B 


» : i equation. 
Draw a line from the intersection on B to the nd? scale 

















i The nomograph No. 2 is designed for ick deter- 
and note the intersection on index A. Extend a line ] , | 4 1 l 
: 9 mination of tne Variation in pressufe ] [ across ori- 5 
through the intersection on A from value on W scale to ES mp 1 f ! P 
o, hces caused by production tolerances nd wa piotte 
( p SCaie í } It. T : 
: p "" from the following expression E 
nd?:—Draw a line from C,, scale to W scale and note I a 
the intersection on index line A. From the density value of uoce 
the fluid on p draw a line to desired point on AP scale (MX | í $44 
à a à i 
and mark the intersection on index line B. Connect the 100 J p 
points on A and B with a line and read the required value wher : 


on the nd? scale at the intersection. 
n or d:— First find nd? and then draw a line from a 


€p = percent ot change in pre 


value on the n scale through nd? and read the corr ciam dum X 100 
sponding value of d at the intersection on the d scale. To " 


tersection on Index A. From this point on A draw a 

line through nd? value to intersect index line B. From TO FIND PERCENT OF CHANGI 
AP draw a line through B to cross the p scale at th 
desired value. , à ape i 
AP:—Extend a line from Cp to W From where through tolerance VAUC ou scaie B and note inte FSeCtion on 
Cap scale. If tolerance is minus, the percent of change will 
be plus. If tolerance is plus, the percent of change will 

minus. 


Draw a line from orifi liameter val on scale A 










this line intersects index line A draw a line through the 
known point on nd? and note the intersection on index 
line B. Starting at the p scale extend a line through the 
intersection point on B and read the required value on 
AP scale. 


find n, first find nd? and reverse the process = tolerance in inches 
oer 1; 
p:— Connect Cy, and W values with a line and note in ee ee Sey ee ew 


EXAMPLE: | 


EXAMPLE + .002 


lia of orifice = 0.020 — .000 in 







To find diameter (d) of orifice holes for the follow ressure drop across 0.020 orifice = 100 
" conditions rom nomograph esp £ 32 96 
W = 15 |bs/sec. 1 1 — 32 
Cp = 0.75 Change in pressure drop caused by tolera: 1 X 100 
p = 31.2 1b/cu ft (s. g. 0.500) or 32 psi. through the hole 
AP = 100 psi 
= 20 ( linked 4 ) 
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» records In performance. As simple 9 thing 95 better shielding '^ 9 wiring 
| |7 harness can be the secret of clearer radio and television reception. m 
Iz » 
[= Auto-Lite Engineers, drawing on their many years of automotive experience, . 
z * 
can answer such. problems. g AÈ i For more complete information 4- 
on the “right wire for the right job” write on your company letterhead tO r 
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This sink stroiner is an excellent ex 


ample of Armco 17 coming to the 
rescue when 18-8 went under govern 
ment restrictions. The other familiar 
parts shown are also of Armco 17 
They illustrate uses and drawing 
operations well suited for this grade 


Armco 17, Type 430 chromium stain- 
less steel is available as an ‘‘alter- 
nate” for many jobs in which the use 
of 18-8 is restricted by NPA Order 
M-80. This government regulation af- 
fects only the nickel-bearing stainless 
steels such as Armco 18-8, Type 302 

Non-nickel-bearing Armco 17, with 
14 to 18 per cent chromium, is one of 
the oldest standard stainless steel 
types. It is not likely to be as satisfac 
tory as 18-8 for most equipment used 
in food processing, meat packing, 
dairies, textile wet-processing, or the 
manufacture of pulp. But Armco 17 
has given an excellent account of it- 
self in products not subject to unusu- 
ally severe corrosive conditions. It is 
also suitable for heat-resisting uses up 
to about 1550 F. Type 430 has long 
been used for automotive trim and 


ARMCO STEEL CORPORATION pR 


i ^ 


other decorative applications on re- 
frigerators, ranges and washing ma- 
chines 

Armco 17 sheets, strip and plates 
come in the same gages, sizes and 
finishes as 18-8, and there is a full 
range of bars and wire. 

Forming characteristics are about 
the same as hot-rolled steel but welds 
are less ductile and less resistant to 
severe shock loading. With modifica 
tions in drawing practice, Armco 17 
will take difficult deep-drawing opera- 
tions. Bars and wire are readily ma- 
chinable at higher speeds than 18-8. 

Your Armco Distributor has Type 
430 sheets in stock. He will be glad 
to supply you with technical informa 
tion and fabricating data bulletins. 
If you do not know his name, write 
us at the address listed below. 


: MGi 


COAST TO COAST © EXPORT: THE ARMCO INTERNATIONAL CORPORATION 


1342 CURTIS STREET, MIDDLETOWN, OHIO © PLANTS AND SALES OFFICES FROM V 
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Flow Through Orifices (continued) 


NOMOGRAPH NO. 2- EFFECT OF PRODUCTION TOLERANCES 
ON PRESSURE DROP ACROSS ORIFICES 


s 
Jecreose 
1 ap = Percent change ir rifice pressure drop Fea gea iue 
i = tolerance on bas fice hole diameter š ) 
1 + Sas d= diameter of orifice hole 

100 M t 


b, 
eas" qr 100 





TE- F 


100 


Orifice Dia, in 


d, 





0.0500 4 
J 


0.0550 


0.0700 
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0.0900 
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Smaller. Lighter, More 
Versatile Fractional 


Horsepower Motors 


ze and weight, usability, and 


Pl i new line « ractional horsepower motors 
esig l Form G orporates many different design 
featur According to the manufacturers, the form G 
motor weighs n h as 5 percent less per horsepower 
n nodels 1 places, and is smaller in size. In add 
tion, its field of application has been increased, and its 
| i IE lk nize | 
Ihe motors are available in open dripproof and totally 


lose ] fan oolt 1 


models in types K (polyphase), KC 
start), KH (split phase), and KCP (permanent 
[ Capa or) | «€ ha 


ipacitor 


ve a variety of applications such 


mps, { lowers, compressors, office and hon 
pplrat ind motorized tools of all types 
lhe reason given for the lighter weight and smaller 
ze | hal | electro-thermal design, plus more cffe; 
ventilation, and a greater of aluminum for str 
ral part The aluminum rotor winding is made by 
im-pressure casting process which produces a denser 
| resultin iform performance. Large 
fin f with the winding, give a 
XH o of flow within a relatively small space 
At ) ] e holds the rotor in 
pla Vhis de together with the thrust-washer assembh 
01 I OI noderate thrust loads 
| res no In th iliant base motor 
| do waded | pressed on each bearing 
he ) | the formed latches 
O | ring is emitted and 
t t ise directly on the bearing nose 
A] ide of f he flat disk type end 
f ] ito 1 for extra strength to with 
nd tl tf of radial and end-thrust loads. The steel 
t l | | | it strong, with its surfac phos 


f Z yy corrosior rotection 
Ihe motors ] NEMA standard mounting dimensio: 
and interchar with sit phase form G motors. F 
q tor can be rotated appre 
f I ré on hy vif 
| end oto This also 
f the ‘ lit opera! 
f : | 
iv’ 
ened with a sp 
r earing, in which pri on was made for com 
plete oil retention and recircula gardless of the pos 
on of the wing or the direction of the load. Oil cap 
of these bearings id to be mor n 50 percent greater 
1 ] "T1 ann ee 1 1 
than the present designs The ‘tally enclosed fan-cooled 
is well as the dr oof models of the motor are built in 
À . me : 
oth sleeve-bea und ball be »g ral purpose types 
Ih it instruction, f xt ivy thrust load 


Yl 
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SHOWN ABOVE is the 12 hp, open dripproof, capacitor-start 
form G motor, having all-angle sleeve bearings. It weighs 50 


percent less per horsepower than the models it replaces. 





THE VACUUM PRESSURE CASTING PROCESS used to ma! 
The locki: 


the aluminum rotor, produces a denser winding 


I 


} 


| 





lation and wedges 


device, 2, keeps rotor in place, maintains correct end pla 
prot V ge p Xx pply, easily refilled : 
sassembly of the motor 
lhe new insulation system in the motor is said to w 
tand moisture, oils, mild acids and alkalies, and ag 
fowever, no cellulose, or other natural insulating mate: 
ave been used. Nylon is used in slot and between-pha 


Wire insulated with Formex 


sed in the windings, and a red glyptal varnish is bal 
on the entire stator assembly. Split-phase motors, req 

g more heat-resistant material in the starting windir 

have glass insulated wire added for additional safety fr: 
irnout. A terminai board of textolite supports the « 
`I ils, automatic reset overload protective d 
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SPECIFIED B Y PRODUCT ENGINEERS 





EUM ICs b co n É 
THE TOTALLY ENCLOSED, fan-cooled form G motor (left) THE TYPE KH, split phase, trac tional horsepx wer motor has a 





rt 
is compared with its predecessor of the same rating. The new  30-frame diameter, with all-angle sleeve bearings and resilient 
motors often weigh less than half the motors they replace. base mounting. It is available in ratings from 1/12 to 1/3 hp 
1 ~~ = 
500 farting | 
300 | 
, j 
t 3 400 $ 
á v e g j z 
3 = $ i 2 
s = x = i $ Y 
T = o 9? | mn 
200 S | c 
- - | 
© v 7 300 T | 
o o = 
$ 9 2 S . 
ex, 9 $ 200 s 
c = 2 - i 
$100 3 à i , 
x 
E. 8 i00 | 
O o ———— 
0 20 40 60 80 i00 o 20 40 60 80 100 0 2 40 € 80 J 
Per cent synchronous speed Per cent synchronous speed Per cent synchronous speed 
TYPE K (POLYPHASE) TYPE KC (CAPACITOR-START) TYPE KH (SPLIT-PHASE 


TYPICAL SPEED-TORQUE CURVES for polyphase, split- ratings and motor types. Good performance is attained ever 
phase, and capacitor-start models show that the form G will though the use of critical materials is greatly reduced. About 5 
match the performance of the former motors in all standard percent more horsepower per pound of material is realized 


when used), and the switch Ihe form G motor is phase, and available in ratings from 4; to 3 hp 150 t 

esigned with the switch assembly as a part of the stator 50 rpm; 115, : v; 60, 50, 25 cycles; 40 C r sleeve 

cll, so all connections are made independently of the end earings; open (dripproof) [he 

ueld. This eliminates the possibility of broken leads or phase motors of this model are available only in 4 and 

isulation damage hp ratings, with all-angle sleeve be 

The type KC, general purpose motors are single phas tinuo i 

nd available in ratings from % to 1 hp; 3,450 to 950 rpm; l'he type K, general-purpose, polyp! 

15, 230, 115/230 v; 60, 50, 25 cycles; open (dripproof) ratings from 1 to 1 hp 150 to 95 A 

) C rise; solid or resilient base. The totally enclosed fan- — cycles; full voltage start; constant speed € bearin; 

led motors of the same model have ratings from } to The totally enclosed fan-cooled motor of t nodel ha 
hp; 55 C rise; large size ball bearings; con ratings from à to 1 hy ull bearings; and continuous duty 

nuous duty; solid base; and are alike in other respects 


The type KH, standard split-phase motors singl nal 1 Y BR 
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Forged Stainless Steel 
High Pressure Globe Valve 


This forged stainless steel globe valve has parts that 
are machined and welded together to give a full flow 
through valve. Packing gland bolts are eliminated, and 
the size and weight of the valve is reduced by 75 percent 
over cast steel valves. 

The valves are polished internally to help prevent 
orrosion, and are then welded closed. They may be used 
with poison liquids and gases, and are in the 10,000 Ib 
lass. The valves may be furnished with either bolted 
or welded caps, and screwed flanged or socket weld ends. 

The material used is stainless steel, type 302,304,321, 
and 347 for the value bodies. Stems and discs are made of 
a new stainless steel known as #322, which is now avail- 


able, with the good combination of a high degree of corro- 












^ sion resistance and uniform hardenability. 

- The 10,000 Ib valve measures 12 in. end to end, and 19 
2 in. from center to top with the valve open. It is said 
Cc to have four times the tensile strength of the cast steel 
4 - valves. A 4 in. cast steel valve is said to be more than 
EI 26 in. end to end, 48 in. from center to top, and classed at 
his 2,500 Ib. The one in. stainless steel valve is 41 in. end 
s 3 to end, and 53 in. from center to top with the valve open 

T Valves can be furnished from 4 to 6 in. either hori 

: zontal or angle. Check valves are of the piston type. 

rL 
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A. F. Hoppe Engineering, Inc., Greensboro, Ind 
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- Plug-In Type Electric Circuit Controller 
P4 d 
n A compact, universal, electric-circuit controller with 
= large power handling capacity, is now being made for 
- onverting low power level signals into control signals of 





| much higher power level 


Ihe new plug-in unit, known as Regohm size 3, is a 


ontrol which can be utilized in voltage, current or speed 
regulation, and can be adapted to important functions in 
servo systems. Compact design is said to make the new 
regohm adaptable to rotating machinery, line and load 
regulation, rectification, battery charging, servo mechan- 
isms, saturable react and close differential relays 
in a variety of forms to suit par- 
ticular ap} lications. It can be built with 20 standard fin 
gers of 1 amp, 12 w capacity, or 10 extra heavy fingers 
of 3 amp capacity. Fingers may be connected im parallel 
when control circuit currents are greater than these values. 
An auxiliary contact is available which makes it possible 
to design resistance banks with zero minimum resistance. 
Like other regohm units, the coil circuit can be operated 
from signal sources of widely varied voltages and fre- 
quencies. A minimum of 1.5 w is required for the coil 
current which is available in impedances varying from 
0.01 to 10,000 ohms. The unit operates directly on d- 
or 50 to 60 cycles a-c. The new regohm is 2 in. x 2 in. x 2 
in., and can be hermetically sealed 


)r 
The unit is available 















Electric Regulator Corp., South Norwalk, Conn 
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To write piping specs faster... 
Go right to your CRANE Catalog 


You'll write 'em up faster then—for many reasons. Your Crane 
Catalog not only contains an unequaled selection of quality 
piping materials, but also lists every item so you can find it in a 
hurry ...find out all about it, too. Complete breakdown on 
every valve and fitting includes sizes and dimensions; tabulated 
pressure and temperature ratings; design, material, and cone 
struction details. 


In addition, there's an abundance of general engineering data 
in the Crane Catalog to help you over many hurdles in design- 
ing piping systems. And today — when work loads are heavier, 
replacements harder to get—your product gains added value 
with customers when it's equipped with dependable, longer 
lasting Crane Quality piping materials. 


LOOK TO THE LEADER... CRANE... 
FOR ALL YOUR PIPING EQUIPMENT NEEDS 


Br" X A ; 
s GATE | DY E FOR ALL-ROUND SERVICE 


VALVES 


on steam, water, oil, or gas 

lines...Crane recommends 

125-Pound Iron Body Wedge 

Gate Valves, brass trimmed or 

all-iron. Available in Non-Ris- 

ing Stem, O.S. & Y., Underwrit- 

s ers', and Quick Opening pat- 

terns. Screwed, flanged, or hub 

deaan ends. Sizes: 2-inch and larger. 

FITTINGS See your No. 49 Crane Catalog, 
; bns pages 77-81. 


E S 


^ Adams Company, Inc., 


FABRICATED | M | ! FLANGED 
PIPING FITTINGS 


= 1 | 
: i 


General Offices: 
836 S. Michigan Ave., Chicago 5, Ill. 
Branches and Wholesalers Serving 

* All Industrial Areas 


VALVES ° FITTINGS * PIPE * PLUMBING * HEATING 
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Air Cylinder With Flexible Cushion Sealing 


A line of super cushion” air cy] 
inders, designed with a new type of 
flexible shion sealing, gives positive 

í tion, combined with auto 

ng action tor fast return 

In addition, it has the advant 
eliminating possible binding 

rking which is encountercd in 

other methods where close metal fits 


ire required to make a seal. Although 
there 1s almost no wear on the s« aling 
element, it automatically compensate 
for wear by its "sealing with pressure 
haracteristics. This new cushion d 
sign gives a lower friction factor 

The cylinder also uses a new-typx 
packing nut, incorporating a pilotcd 
diameter which will give perfect align 
ment. The female adaptor feature is 
an integral part of the packing nut 
Ihis packing nut adds rod bearing 
length, eliminates the necessity ot 
separate female adaptor ring, and « 
down on the stocking of rod packing 

The metallic male adaptor ring 
ised in the piston rod stuffing box 


vives added support to the chevror 


ype packing, which will extend th 
life of the rod packing 
The metallic rod wiper ring giv 
protection from dirt and grit. The 
flexible bronze rings mounted in 
ithetic rubber w pe off the dirt with 








Metollic rod Fine cushion 


New flexible odjustment 


cushion seal 






knifc-edged design of 


the cylinder 
safety-stressed for air line pressures uj 
to 100 lb psi. The cylinder is avail 
able in seven standard styles. Capac 
ties of 100 Ib to 12,000 Ib, for power 
movement in any direction. 


I his device is self-adjusting. 

Additional features 
rod construction; Piston rod and in 
ternal cylinder tube surfaces are hard 
The controlled com- 


Hi-tensilc 


hrome plated. 


packings will permit field installations 


New Toggle 


\ new series of waterproof toggle 
oped to meet military 

ins, open and close electrical 

lerwater ire said to fun 

tion perfectly from 65 F to +165 


shock 


[Ihe switches are furnished with 
fror ) to 200 amp, in toggle 
ments of momentary on or ofi 


on or off, with one or 


vo 1 ounting Switch body 
olded rubber cor 

( ed and molded by th 
Waterproof lead wires ar 

unized into the rubber case ana 
become integral parts of the assemb! 
loes the switch mechanism itse! 


The switches are suitable for 


with power and machine tools, vehicle 


farm implements, and appliances 
Riverside Mfg. & Electrical Supply C 
10228 Michigan Ave., Dearborn, Mic 
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IMAGINE MAKING, 10,000 OF 


RADIO CASE made of 
Boltaron — the tough, 
new low-pressure 
formable sheet. 


Any experienced plastics fabricator can do it for you by taking advantage 
of the low-cost molding methods that Boltaron makes possible. 


Formability — Any simple or complex shape can be formed in Boltaron with low-cost 
molds and molding equipment 


Impact Resistance — Boltaron is unharmed by blows that dent sheet metal, shatter 
metal castings. Boltaron tote boxes (any shape or size) can be dropped from a 
second story window . . . last indefinitely. 


Other Features — Boltaron can be produced in any color and in several finishes. 
Colors are an integral part of the Boltaron sheet, won't peel, chip, crack, or scrape 
off. For further details write for illustrated booklet to 


BOLTA, Box 302, Lawrence, Mass. 


Form 


Shear 


OFFICE MACHINE HOUSINGS Drill DN 


ADV. & DISPLAY SIGNS c m 
AIRPLANE AND AUTO TRIM 

FENDER GUARDS nad 
PACKAGING Rivet 

TOTE BOXES » 
LUGGAGE 


Cement 
INSTRUMENT PANELS 


Hot Stomp 


BOLTA 


Plastic 


NEW! Boltaron 6200, a plastic of remarkable chemical resistance, NOTE: Our Custom Molding Divisi 
is available through H. N. Hartwell & Son, 947 Park Square Building, compression molding of all types. Writ 
Boston, Massachusetts. Division, BOLTA, Lawrence, Massachusetts. 
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Light Weight 


Waterproof, Stainproof 


Beauty — Color 


impact Resistance 


Adaptability 
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This new air control valve, model MV-4-375 
valves to provide automatic and s 
sequence ot Operations, anc 
ontro paneling Said to eliminate insufficient 
Or CXCCSSIV {well in air cylinders of 6 in. di: 
morc, the new val I5 appli able where larger 
ap ylinders are used in certain assembly methods 
e rimping and staking. Rather than re ly on the « 
judgment in controlling the valve for the correc 

| pressur this pilot oj erated, 4-wa 

LN S u | in onjunction with. two auxiliar 

ilve The momentary operation of ither of th 
il ve iu 1 hift in the valve spool, resi 
ove nt of the do lea ing vlinder piston. TI 
| et van is under « 
the operator and may be Op rated by hand, foot 
le noid. After the piston has reached the end of 4 


redetermined amount of pressure builds u 


i 


fs Hin 


e= 
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New Alloy V 


An alloy now being produced that is said 

lly efficient properties for machining, bearii 

isting and heat l Ipation Called E 

the metal may be used for dry bearings, and for 


The approximate composition of the alloy is: 8 
zinc; percent copper, brass, or bronze; 3 to 
unum with one or twc 
leviatior Ihe metals are melted together; then 

| ontaining murfiatic acid ome smelter 
other ingredient ire used to produce a wet 
mass which is mixed with the molten metal. Ir 
the metal has been broken down into three t 
sion the bearing metal contain ome lead 
metal has more aluminum; and the welding rod 
lightened witl luminum and chemical treat 


Optional 
norr mally 


closed 
2-way 


valves 


Exhaust qc "OUTRE 





Solenoid a 


a-c or d-c | 
f I 


SCs | 


— m 


* 
Foot operated hy 
_ ees 
| | pu 


un E xhausf 
oa B — 


ul rin 
— 


| ` 
| P Seg Jence 


Kaive 
t 
\ 

af 
7 
/ \ 
eB b 
N 
E ^ 
- a" eee. 
I 


“32 hole 


Ñ 
| 
|) 
JZ 


4-Way Master Valve for Large Bore, Air Cylinders 
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The features of the model D-2 cali 
brator, a device for the accurate gen 
eration of pulse trains, include: a new 
mechanical design using plug-in type 
construction to simplify construction 
and maintenance; improved ventila 
tion; an added selection of pulses 
available from the rotary switches; and 
improved appearance of the front 
panel 

The model D-2 calibrator has 1 
different pulse rates available at the 
output connections. Coincidence cir 


cuits are used to make negligible the 
phase lags between the various outputs 

Because of the wide range of out 
puts, together with the low phase lag 
the instrument is used for the cal 
bration of synchroscopes, and the time 
delay generators made by this company 
It may also be used as a secondary 


—-———— chanAneA ac a macter timing 








Plug-In Construction on New Calibrator 








uced by this company, the 
idversely aft 
nts 


presently 2 rang 
32 through  in.-28 siz 
annel is obtainable ir ( 
hole spacing 
ttern 
he Kaynar Mfg. Co., Kaylock 1 
820 E. 16 St., Los Angel ( 
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Chis new air control valve, model MV-4-375, may be 
used with pilot valves to provide automatic and semi-auto- 
matic Operations, sequence of operations, and remote 
paneling. Said to eliminate insufficient pressure 


or excessive dwell in air cylinders of 6 in. diameter or 

more, the new valve is applicable where larger bore air 
linders are used in certain assembly thod uc] 
yiindeCrs are used n ertain asscmbiy metnods, sucn as 


rimping and staking. Rather than rely on the operator's 
judgment in controlling the valve for the correct amount 


of cylinder pressure, this pilot operated, 4-way master 
ilve is used in conjunction with two auxiliary bleeder 
valve The momentary operation of cither of the bleeder 
| l hift in the valve spool, resulting in 
O ent of the double a ng cylin ler piston The ble der 
causing the piston to advance, is under control of 

the operator and may b« operate 1 by hand, foot, or sole 
noid. After the piston has reached the end of. its stroke 
builds Ip which 





illoy j now he ny produ l that is said to have 
isually efficient properties for machining, bearings, pres 
] asting, and he ] pation Called Chemalloy 


i 
for dry bearings, and for welding 


the metal may bi ed f ing 
aluminum as a welding rod without flux 

The approximate composition of the alloy is: 85 percent 
zin 5 percent copper, brass, or bronze ) to 5 percent 
older; 3 percent aluminum with one or two percent 
deviatio The metals are melted together: then a chemi 
i1 mix cont ining m Ifiati ic] l ome sme Iter s] ip an ] 
other ingredients are used to prod 1 wet chemical 
mass which is mixed with the molten metal. In practice 
the metal has been broken down into three basic ver 
sions: the earit neta] contains some lead; casting 
metal has more aluminum; and the welding rod has beer 


lightened with more aluminum and chemical treatment 
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4-Wav Master Valve for Large Bore. Air Cvlinders 


New Alloy With Unusual Properties 


continued 


walt” te 

X» oc e 
ot Operated 

Hand operated = == 


renali: 


red 
imal, 


OL \ 
Opfona/ t*^eus* T| E IE i v a uff 
normally 2. d | | k maana aeia M E 
closed = Abd MI j Drill 
2-way Solenoid os rr = _ ¥32 hole 
valves a-c or d-c | | | | lo^ fepe 
ek valve 


c 


Foot operated 


opens the sequence valve. Since the sequence valve can 


be adjusted for the desired pressure, air is admitted to 


the pilot side of the pilot-operated bleeder valve, thus 


opening this valve and causing the master valve spool to 
shift and return the piston to its starting position 

To avoid interference of air pressure for operating the 
pilot valve, a small hole in the line is used to bleed off 


be trapped when t 


sequence valve closes at the maximum retraction of th 


the air pressure that would otherwise 


piston. The new 4-way valve is said to have proved 
reliable and accurate in field installations. With only o: 

moving part, the valve: has a positive, bubble-tight shut 
off; is non-corrosive and self-compensating for wear; and 


is compact. Designed for use with air, oil or water at all 


pressures from zero to 150 pounds, it is available for 


with standard pipe sizes of 1, $, 1 and 3 inch 


There is no oil impregnated in the metal when it js 
used for dry bearings. One drop of oil is used on the 
bearing at the start before the chemicals work to the sur 
face. Water may be used as the initial lubricant. The 
heat expansion ts less than 1/10 that of steel, or 0.0000265 

It was discovered that the process is effective in de 
ontaminating zinc-based die metals after exposure to lead 
After being contaminated by lead, the zinc dies often 
rack as a result of their impact strength being reduced 

The manufacturers claim that the alloy defies rust, 
resists corrosion, works without lubricants in moving parts 
ind remains cool while being lathe-turned 
hardness, 60 Rockwell B 
tensile strength, 50,000 psi; compression strength, 100, 


psi; begins to liquify at 400 C 


Other characteristics are 


Chemalloy Associates, Santee, C. 












Plug-In Construction on New Calibrator 


The features of the model D-2 cali- 
brator, a device for the accurate gen 
eration of pulse trains, include: a new 
mechanical design using plug-in type 
construction to simplify construction 
and maintenance; improved ventila 
tion; an added selection of pulses 
available from the rotary switches; and 
improved appearance of the front 
panel 

The model D-2 calibrator has 17 
different pulse rates available at the 
output connections. Coincidence cir 
cuits are used to make negligible the 
phase lags between the various outputs 

Because of the wide range of out 
puts, together with the low phase lags, 
the instrument is used for the cali- 
bration of synchroscopes, and the time 
delay generators made by this company 
It may also be used as a secondary fre 
quency standard, as a master g 
oscillator for pulse equipment, for the 
generation of timing signals for oscil 
lographic recording, and the dete 
tion of jitter in delayed signals 

Simultaneous outputs having the 
following pulse spacings are available 
10. 100, 1.000. 10.000. and 100.001 
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Small Nut 


This multiple lock-nut fastener, 
called the gang channel, is of such 
small design as to make its applica 
tion interchangeable with the standard 
type of anchor nut. Containing spring 
steel lightweight locknut inserts, this 
multiple nut fastener is said to be nar 
rower, lower, lighter, and stronger 
than any similar product 

Made of 24 Alclad aluminum alloy 
to Army and Navy Air Force specifica- 
tions, the channel portion features a 
double-vertical wall, giving high push 
out resistance, plus maximum rigidity, 
therefore requiring less riveting for 
attaching. Its small nut size also al 
lows close center to center spacing 
The gang channel is as narrow as a 
standard AN-366 anchor nut, making 


it possible to install wherever stand 
ad mit nuts were used 
The inserts used are the spring s: 

high temperature self-locking nuts 
made by this company, which have 
good wearing qualities, and are of light 
weight material. They are said to be 
stronger than any bolt, ! l 


en 
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locking resilience and are im 

to damage by cross threading 

all threads for load carrying, they ar T ents 

made elliptical at the upper portio le pi t s rang 
then heat treated to give a strong  írom 8-32 through j in zc, tl 
flexible threaded portion which grips hannel is ThE n eithe 
the bolt within the span of the nor- regular hole 

mally required number of threads, hole pattern 

without requiring an auxiliary locking r 
device. Like the self-locking anchor 
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Visual Flow Line 


Indicator in Small Sizes 


A simple, positive flow indicator is now available which 
is incorporated into the line, and gives instant visual 
inspection without the necessity of reading pressure gages 
Known as the Liquid Eye, this indicator consists of a brass 
housing in which is inserted a transparent high pressur 
pyrex tube with a ceramic eye which visually magnifies 
when the liquid line is full. The straight through design 
liminates pressure drop, and construction is such that 
it is not affected by the most commonly used chemicals, 
olutions and oils j 

The high quality brass housing and ends are machined 
to exact tolerance and the high pressure pyrex glass 


be is ground and lapped by a special process. The 
gasket material is impervious to action by liquids that are 
not affected by brass, and does not decompose or swell. 
The liquid eye has been designed with the pyrex glass 
tube spring mounted for shock resistance, and the method 
of seating the gasket against the ends of the lapped glass 
prevents the glass from touching the housing. Assembly 
is completed with torque wrenches to get absolute uniform- 
ity. The indicator is so light in weight that there is prac- 
tically no fatigue factor in the liquid line. Each indicator 
is shock pressure tested under conditions which simulate a 
pressure surge when a valve is opened. Three styles are 
available in copper tube sizes of 1, $, 1 and $ in. with male 
flare ends, female to male flare ends with copper flare 
insert in the female end, or with solder connections. 
The indicators have been tested and found practical 
and satisfactory in boiler feed conditioner lines, in oil 


pressure lines, diesel fuel oil lines, and refrigerant lines 


Mi 1 n ind ;,hicago 22, IIl 
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Magnetic Convertor Measures Low Level D-c 


tor has been designed for 

error signals to a-c voltage 

measurements systems. A magnetic- 

weighing only three ounces and 

envelope of a 6L6 radio tube, it can 

trol is required from small d-c signals. 

ped primarily for use on 400 cycle 

ble-frequency output of 800 cycles. 

ised on other frequencies by selecting 

external capacitor which tunes the 

Power supply is 400 cycles, 6.3 v a-c in series with 

ohm resistor. Signal input i small d-c voltage 

| mil t ) millivolts. 

onnecting the 

re-rise, and 

lack of moving parts, the converter is said to operate 
ontinuously and reliably over long periods of time 

Suggested uses for this hermetically sealed unit are: 

exhaust-gas temperature control of jet engines; control. 

approach systems; computing devices; industrial measure- 


ments: and servo mechanisms and electronic control systems 


River Rd., Schene tady 5, N 
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Reduce the use of critical alloys 
in gas turbine structures 


N-A-X AC9115 ALLOY STEEL offers a means of 
reducing the use of critical alloy steels of 
the "stainless" type in gas turbine and sim- 
ilar applications. In specific cases it has re- 
placed over half the amount of strategic 
material originally required, with no sacrifice 
of quality. 


N-A-X AC9II5 ALLOY STEEL has high strength eh 


and toughness values at temperatures rang- 
ing from 70° F. to +1,000° F. It can be 
readily cold formed into the most difficult 
shapes; its response to welding by any 
process is excellent. It must, however, be 
suitably coated for protection against cold 
or hot corrosion. 3 


. . " f 
N-A-X AC9115 ALLOY STEEL is available in bars 


as well as flat rolled products. Investisate the 
outstanding properties and characteristics of 
this steel and, through its use, conserve the 
critical material so necessary to our nation. 


GREAT LAKES STEEL CORPORATION 


N-A-X Alloy Division @ Ecorse, Detroit 29, Michigan 


NATIONAL STEEL 
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iation is read m a calibrated 


operator, wearing the small ear 


tiometer 
: á 
hown at th ight in th 


illustration, turns the dial 
an audio oscillation just begins. This 
ng method is more convenient than à 


1 


point at which 


microammeter 
£ contours ot equal radiation Leaving the dial 


perator an 


easily locate a series of equally adio 


ts as he walks along 


gamma-radiation survey instruments, the 
] be of the halogen-filled GM type, 
power Ip] IV ope Al 
irrent of th 
Ee 14 Mae pe 

proportional t Ss gent radiation 
art of the aural method is a thyratron 
the potential difference 
thyratron exceeds 


The unknowt 





‘Three-Phase Generators 


rators, especially designed for 


in a variety of ratings f 
208 volts. The generators have norma 
ranging from 3,800 to 8,000 

delta connected 


the following 


1 


1 
be realized 
-nerators 

rrent rating 


tion of line 


thus giving 


generators 
tronic aquipment re f 
lic € [piu f quı 


in the voltage wave forn 


the new generators will 
raft construction to 


ment for exterior sur 


and internal heating 


haad 


les, and applied by brushing, spraying, or dij 


|. In ping. It dries hard and can be ox 
W coated in several minutes It adher 
well to rusted steel, damp or dry, at 
be used with any type of fini 
oating, particularly vinyls. U 
Stoneware Co., Akron 9, Ohio 
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Cream and sugar set, part of a 
lovely line which has earned the title 
"The Dresden China of Melmac' 
Dinnerware.” 





A tiny, intricate assembly, designed 
as part of an important product of 
one of the country’s leading manu- 
facturers 


HE TWO PRODUCTS pictured above indicate manufacturer in the field of business machines 

what is being done today in fine plastics. Services of Prolon Plastics include research 
The creamer and sugar bowl are part of the design, engineering, die-making, molding and 
Prolon Ware line— 23 items in a choice of eight assembly. Whatever your engineering or man 
decorator colors, combining the strength and ufacturing problem, Prolon will give you the 
durability of Melmac” dinnerware with the best solution. 
most graceful and attractive designs. The tiny, Prolon has plants at Florence, Massachu 
complicated assembly unit shown above is setts, and Toronto, Canada. For free informa 
molded to the most rigid specifications and tive booklet illustrating Prolon facilities and 
exact tolerances, under contract to a major services, address: 


Prolon Plastics (C) Pro- phy-lac-tic Brush Company 


Florence, Massachusetts 
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CIICUI« 
(1) 
(2) cir- 
mplifi (3) the re- 
(4) solder is saved; 
ns are neat 
lating material, 
vl, Kel-F (for 
300 F continuous 
ation), this tube cap connector can 
widely used for high temperature, 
high voltage, low loss requirements 
Through the new molding tech- 
nique: (1) by selecting materials for 
its high operational characteristics ; and 
(2) by molding the grid cap insula- 
tion and lead insulation into one unit made for many electrical conditions 
positive to form a positive seal around grid Alden Product Co. 


idvantages ip and lead, the connectors can | 117 N. Main St., Brockton, Mass. 
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Pre ADUCI 


Meets Industrial 
Requirements 


e Easily “worked” with ordinary 
tools 


e Takes paints and other 
finishes easily 


e HOLDS applied paints and 
other finishes 


e Hard-smooth-grainless. Will 
not splinter or crack 


e Can be sawed, drilled, 


punched, die-cut 
e Can be curved, bent, shaped 


e Structurally strong in 
all directions; 
dimensionally stable 


e Economical and versatile 


e Choice of types, densities, 
sizes and thicknesses 


e Types fer interior and 
exterior uses 


l/NGINEERING APRII 


19 
| 


Here is a complete new hardboard line, manufactured 
under rigid controls, to supply a high quality product meeting 
strictest requirements of manufacturers, fabricators and other 
industrial users. 


Simpson Allwood Hardboards retain advantages of wood 
without the disadvantages and weaknesses of wood in its 
natural state. They are grainless, strong, durable, light-weight 
permanent and easy to work with. They are the ideal materi 
for hundreds of uses today, and new uses are constantly 
being discovered 


To learn how Simpson Allwood Hardboard can help solvi 


your problems . . . and perhaps at a saving... write us for infor 


mation and samples, or mail the coupon below. 


SIMPSON LOGGING COMPANY 
Sales Division, 1065 Stuart Building, Seattle 1, Washington 
Simpson Allwood Hardboard is manufactured by Oregon Lumber Company, Dee 


sw MAIL THIS COUPON 


SIMPSON LOGGING COMPANY, Attention Robe M 
1065 Stuart Bldg., Seattle 1, Washington 


Please send me free sample and literat 
| am interested in type and 
manufacture of 
Firm name 
Address 
City 


Attention of 





IA 





























































































Electrical Inertialess Weighing System 


A new electrical weighing system has been designed 
r application to existing testers of the pendulum type 
le by his company. This inertialess weighing system 
replaces the conventional pendulum type head and re- 
order, converting the tester from constant speed of pull 
operation to constant-rate-of -extension 

Resistance of the specimen, or load, is absorbed by the 

flection of an elastic spool, which is converted to a volt 
ige and measured by a potentiometer with rex ording chart 
On the chart, extension of the specimen is shown vertically 
and load horizontally, making the chart a stress-strain dia- 
gram, with either variable (load or extension) magnified 
or condensed as desired 
[he advantages of the inertialess system are: The 
tia is practically eliminated from the weighing mech 


anism; it is possible to apply a constant rate of extension 

is the elastic spool of the weighing head elongates only 
15 in. maximum; the flexibility of drive and recorder 

rat and wide range of chart speeds available, permi 


' 
A 


idies of progressive tes ives 


In operation, the specimen is inserted in the tester 
clamps, and the chart pointer adjusted to zero for the 
existing tare load. The driving mechanism is then set in 
motion, extending the specimen by moving the lower clam; 
downward at a uniform predetermined rate of speed 
At the same time, by synchronized autoinatic action, the 
hart paper commences its downward travel at its prc 
determined speed. For literal stretch recording, the speed 
of travel of the chart can be equalized with the speed of 
travel of the moving clamp. Travel speeds of 0.1 in. to 
20 in. per min are available 

As the specimen is extended, the elastic spool in th 
head weighs the load by its deflection. This deflection is 
reflected in the horizontal scale 


is shown in the illustration. The maximum deflection of 


graduated from O to 100. 


the elastic member under maximum lb load plus tare is only 
0.0015 in., so that this has no practical effect on the recorde 
extension of th« specim n The wcuracy Of the System 15 


uid to be 1 of one percent of the span, or better 





: ; 
A newly developed mercury thyratron tube capable of 
handling high d-c voltages and rrent, has a peak anode 
tage of 15,000 forward or 15,000 v inverse. The 
tube is a grid control or cut-off or trigger tube 
This mercury filled tube, known as the MT-1530, is 
id to be able to operate under load conditions that would 
suse mechanical switches to break down. It has a com- 
pletely shiel led cathode structure, and has a grid at the 


ase of the uj 
The tube wi 


in industrial use, and may be moved without fear of 


ha Lo uineis ME Ls 
per halit ot the me iry filled tubs 
l| withstand vibrations normally encountered 


lamage. It carries a 1,000 hour guarantee 

Filament voltage is 5 v, and the current is 30 amperes 
Maximum plate rrent is 100 amps, with 15 amps being 
iveragt Maximum irge for O.1 s is 1,500 amps 


sed 


Conden 











10 Ib to 400 to 
The change from one capacity to another is 
member rather than th: 
be done by non-mechanical per 





High Voltage Mercury Thyratron Tube 


CONTINUED ON PAGE 238 


ENGINEERING 




































m 


In th 
Uric 


equi] 
in fo 


But, 





be 


AA A. A; ^ Cc 


4. 





= 


UTIL. 
HELPS 











The 





Zs 





... there is no horizon on new ideas at UTICA 


In the forging of turbine and compressor blades 
Unica is using the most modern methods, the finest 
equipment and the skill born of long experience 
in forging. 










But, the constant search for improvements goes on. 





UTICA DROP FORGE & TOOL 
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a foremost supplier of turbine ond compressor blades to the aircraft engine industry. 
— o 


BY MAKING TODAY'S METHODS "OLD FASHIONED” 
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Cc 
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name, UTICA, famous for quality forged tools for more than 50 years, now identifies 


Our engineers and metallurgists work and plan 
continually to make today’s methods obsolete. 


So, whether you come into contact with UTICA to- 
morrow or several years from now, youll find 
leadership that reflects this constant hunger for 
progress. Utica seeks to help most by working most 
for advancement. 


CORPORATION, Utica 4, New York 
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Telemetering Equipment With Fast Response 


The telemetering system using th 
Freq-O-Tron IT-1 transmitter and th 
IR-1 receiver offers a compact means 
of telemetering any quantity that ca 
e converted to a proportional d 

livolt equivalent It is a freq 
type electronic system with instant 

us responsi The system may l 


de sired distan e over any 


í 


tor any 
tel graphic channel, whether pilot 


1 
ITC, power ill 


Any number imilar quantities 


} 


in be totalized 


whether at the measut 
ng station, ntermediat stations, or 
the receiviny station 1 he totalized 
juantity can be retransmitted without 
using other converting equipment 
Operating time of the telem tering 
juipment ex lusive of end devices. js 
less than 0.3 second. Overall time in 
luding end devices is usually under 
) * onds 
Ihe devi elf-contained 
| ] is ha 
ind lo not 
rs Or converters 
stem consists ol 
measurement 
llivolts to fr 





tection, 

conducting an 
The plotter may 

air-flow patterns 


wing and prope 


Propi Cl 


General Electric ( 


Schenectady 5, N 
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In choosing die castings — for civilian or D. 0. production — leading 
manufacturers select ADVANCE PRESSURE CASTINGS. This choice 

is influenced by a reputation for top-notch facilities, a skilled staff 
of metallurgists, engineers and technicians operating at every 

level from blueprint to finished castings, and, above all, 

unvarying standards of quality and service. 


No matter how involved the casting problem, how intricate 
the design or how demanding the specifications, 

ADVANCE produces the right castings at the right price. 
This is especially important today, when many manu- 
facturers are tooling for current defense work 

or future civilian production. 


ADVANCE Development Engineers will gladly 
consult with you on cost economies and 
advise you on structural design, alloy 
specifications and finishing problems 

of your die castings. Call upon 

them today without obligation. 


STINGS inc 


Commerce Station Box 71 
Minneapolis 15, Minnesota 
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Instrument Monitors Area Gamma Radiations 





this instrument detects 
l 


ind records dangerous gamma radiations in an area, and 
ounds an alarm when average tolerance limits are ex- 
















led Ihe devi gives instantaneous indication. of rà 
tion Otai radiation received i iny preset period, and 


thirty-day integrated record of the radiation present in 


immediate vicinity of the detector in fifteen-minute jn 

rval It also contains a means of telemetering the rate 
{iation to 1 Xtely lo 1 indicating stations 

operation, the area health monitor measures and 

is the gamma or X-ray's ionizing potential, which is 

important factor in determining the effect that radia- 

ion will have on human tissue. According to the manu- 

rers, it is designed as an addition to the present 

ty and civilian-defense equipment installed in labora 

ries, atomic-energy plants, hospitals, water works, and 


is requiring records of X-ray or gamma radiations. 
: lhe standard equipment consists of an air wall ioniza- 
| a six-foot instrument 
ce converter, a watt- 











f 
mechanism 1 rat indi ator, a cyclometer 


' + £ tir tal tr! ; 
lts range is O 5 times tolerance (tolerance is 6.25 


with plus or minus accuracy of 10 
















Counter Predetermines 


4. For applications where the rate of material flow is rapid, 
= pre letermined electronic counter has wide us The 
PUR | predetermining feature makes possible the slowing 
a wn in the final stage of a cycle to obtain satisfactory 

Z ration of gates, shears, and other devices 
E When the count of parts on a high speed conveyor belt 
- pproach« 5 the select« l bat h total. belt speed IS reduced 
|= the electron ounter to permit actuation of a gate as 
- final part is counted. Also, in processing Continuous 
p material, the counter measures length in terms of 
















shaft revolutions, and provides relay control over the 





Ihe model 243 dual predetermined counter will con 
ously recycle, accepting counts up to 1,000 per sec, 
r after each output operation without missing a 


nt. The output relay action may be either momentary, 
table from 0.01 to 0.1 sec, or SPDT stay-put, alter- 
positions as each predetermined count is reached 












iy two numbers from 1 to 9,999 may be chosen as the 


nical $ ' + 1 


points at wi h control ition 1s to occur / r Instrument ( 115 Cutt 





-— 


Miniature 7-Pin Base Thermal Timing Relay 


A sealed-in-glass miniature thermal relay, Model 207, is 115 v a-c or d-c. Contacts rated at 2.5 amps, 125 v a-c, « 
etically sealed in a T-54 glass envelope with 1.0 amp, 125 v d-c. Ambient compensated from — 60 t 
niature button 7 pin base, and is designed especi- +85 C. Used as cathode protection in electronic tubs 

illy to economize on space and weight. Weight is $ oz; gyro erection in autopilots, over-voltage and over-curre 


1 inch. Delay periods from 5 protection, and holdovers and integration. 


heater voltages 6.3 v, 27.5 v, and Thomas A. Edison, Inc., Instrument Div., West Orange, N 







— 
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JOHNSON BRONZE 
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SLEEVE BEARING 





Bond Testing of Bi-Metallic 


HE nature of bi-metallic bearings 

requires close control over every 
step in the manufacturing process. This is 
not only to insure uniform quality and pre 
cision of the finished product, but, what is 
equally important, to insure the quality of 
the bond between the metals. 


* * * * 


In many bearing applications, it is desir 
able to combine the properties of two or 
more metals or alloys in order to produce 
a material possessing qualities not obtain 
able in a single metal or alloy 
The most common of these materials it 
use today are 
1. Lead or Tin alloys (Babbitts) on a 
steel back 


2. Lead or Tin alloys (Babbitts) on a 
bronze back 


3. Bearing bronzes on a steel back 
4. Lead or Tin alloy overlays on a bronz« 
intermediate layer and a steel back 

In the first three cases, the soft bearing 
surfaces are backed up with the strength 
of the steel or bronze backing. In the other, 
the bronze layer affords some protection 
to the shafting in case of a failure of the 
overlay bearing surface, while the steel 
provides strength. 

In all cases, their value as a satisfactory 
bearing material is based entirely on the 
strength of the inter-metallic or metallur 
gical bond that can be obtained between 
the layers. The presence and quality of this 
bond is assured only by constant testing 
and checking throughout the manufactur 
ing process, and bond testing has become 
the subject of major research by the bear 
ing manufacturers. 

The ideal bond test would be quick, non- 
destructive and positive, however these 
qualifications are not met by any test yet 
devised. X-ray and supersonic methods 
have been developed which are quick and 
non-destructive, but unfortunately, they 
have not proven to be positive. Large voids 


— 


EO 


Figure | 
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can be detected by these means, but very 
brittle bond, weak bond, or even a com- 
plete lack of bond with intimate physical 
contact, will pass these tests. 

Thus, the only completely positive tests 
available so far are of a destructive nature. 
Figure I illustrates two destructive tests 
which are used and which are quite posi 
tive—however, the amount of machining 
necessary for specimen preparation makes 
them quite slow. The most widely used 
test is the so-called chisel test which is 
quick, positive, but destructive. 

Off hand this appears to be a very crude 
method of testing but it has been proven 
that, with care, accurate interpretations of 
the results can be made and bond quality 
can be kept under close control. 

Figure II illustrates the chisel test in 
operation. The chisel is well sharpened, 
grinding it at an angle of approximately 
10-20 degrees, and then hammered down 
into the material till the bond area is 
reached. Holding the chisel at an angle of 
20-30 degrees, it is driven along the bond 
line. Examination of the area after chisel- 
ling will indicate the quality of the bond, 
strength of the bond layer and nature of 
the bond. 

Table I lists the general types of bond 
encountered with lead and tin alloys 
teel and bronze backs 








S 


TABLE I 
Material Tvpe of Bond 


Lead Alloy Steel Ductile 
Tin Alloy Steel Brittle 
Lead Alloy Bronze Ductile 
Tin Alloy Bronze Brittle 


The ductility of the lead alloy bond on 
steel and bronze is due to the fact that 
the alloy layer formed during the bonding 
process is ductile. Tin, on the other hand, 
forms a very brittle compound when it is 
alloyed with iron or copper in the bonding 
process. These compounds are very hard 







Preparation of samples for Bond Shear Test 
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and strong in tension, but are very weak 
in shear strength. ” 
run parallel to the bond line it exerts shear 
force and will tend to fracture the bond 
through the brittle alloy layer. The linin 
metal curls and fractures before the chise 
in a pattern which is distinctive for eact 
type bond. From an interpretation of the 
tests, a semi-quantitati ] 
results can be obtained 

The use and interpretation of the chisel 
method of testing will be more fully 








scribed in the second part of this subject 
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ohnson Bronze offers manufacturers of all t 

equipment à mpiete engineering and i 
lurgical service. We can ! let the 
exact type of bearing that will give i the greatest 
amount of service f the longest period of t e 
We can show you how to design mr bearings s 
that they can be produced in the most economical 
manner. As we manufacture all types of Sleeve 


Bearings, we base all of nd 
facts free from prejudice. Wt not take full advan 
tage of this free serv 





This bearing data sheet is but one of a series 
You can get the complete set by writing to— 


KL aie icm z cea ia 


SLEEVE BEARING HEADQUARTERS 
508 S. MILL ST. + NEW CASTLE, PENNA 
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| on the instrument 
adjoining ranges, which are selected 
more than a 
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10 to 1 spread in speed. 


for good 


has selected 
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| by three models 
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installation heads for a 
available. 


fixed 
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featuring smaller size, higher 
is now in 
the new rclays are available with 
relay and DPDT on 


Therefore, any specified contact 
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obtained. A 
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of 10 G or higher. 
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PRODUCT 


continued 


AN, primarily for aircraft; and 
O, for ordnance vehicles. Both are 
ivailable with from 1 to 46, or more 
ontacts. They are designed to wit 
stand extremes of operation. Genera 
Electric Co., Monowatt Dept., 
Hathaway St., Providence 7, R. I 
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KAYDON Roller Thrust Bearings 
10.630" x 18.976" x 4725" 
used in Ideco SS-300 Swivels 


Takes 300-ton loads! 


Dead-load capacities to 300 tons have been obtained, 
without added weight, in IDECO Streamlined Swivels for 
deep oil-well drilling. The success of these rotary swiv- 
els is the result of advanced engineering and years of 
experience in swivel manufacture. Rugged bearings are 
vital . . . husky KAYDON heavy-duty roller thrust bearings 
carry the full load. 


In many other industries, machine designers find KAYDON 
bearings help make bigger machines possible, without 
unnecessary bulk and weight. If you have a bearing 


problem, contact KAYDON of Muskegon, 


IDECO oil-well 
drilling Rotary 
Swivel made by 
IDECO Divi 
sion, Dresser 
Equipment 
Company, (one 
of the Dresser 
Industries), 
Dallas, Texas 
showing bear 
ing location. 


KAYOON Types of Standard and Special Bearings 
Spherical Roller ¢ Taper Roller ¢ Ball Radial ¢ Ball Thrust 
e Roller Radial © Roller Thrust ®© Bi-Angular Be ng 
THE ENG I NE ER IN 6 


CORP., 


MUSKEGON * MICHIGAN i 
PRECISION BALL AND ROLLER BEARINGS. 
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Under Frequency and Overspeed Controls 


mode rn 


hi 
DIC Cn 


trequency contre 
signed to trip the circuit breaker 
frequency drops be low 560 
lose the circuit breaker 
when th requency is restored to 400 


1 
C5 


| 
Ih 


component 


I 


1d DOS 
ing the 
' 
control 


rom 


le 

r - E 
y blown Irom 
Nueve equilibrium 


tuon, should overspeed occur 

It can be arranged for manual or 
itomatic reset and does not require 
rotating shafts, lubrication or field 


idjustments It operates only when 
1 


overspeed occurs and control is effect 


lectrically 


a porosity HX membrane cap ble ot 


preventing passage of mercury from 
th 


he manometer at pressures under 17 
Finer porosities are available for 

at higher pressures 
When mercury is present in the con- 
uiner, the manometer will not return 
Mercury may be removed from 
eiver by draining, or by 


0, thus preventing incorrect read- 


an applic ation of 
The up 


IS 


Shown in the ustration is th 


model UFR-120-40 


relay with the cover removed, 


overspet d gOveErnor 


under frequency 


Loss 


eld operations at any altitude in the 
easurement of strong as well as weak 
Advanced design 
is said to give good electrical specifica 
tions Nuclear Development Lab 
P. O. Box 7034, Kansas City, Mo 


radiation sources 
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‘ “MAN THE PUMP 
when the wind 
lets you down 





When air currents abate, the farmer must supply nearly 200 farm applications. The hired hand has 


the energy, unless there is a motor to take his place. truly been replaced by the "wired hand 


At the mere flip of a switch, this time-consuming 


Emerson-Electric has earned an envial 
task can be eliminated. 


for dependability and efficiency in its moto 
It was during the 1890's that Emerson Electric was 


farm, in the home, in business and industry. Your 
founded . . . a company which has since become a 


inquiry is invited on this complete line, in horse 
leader in producing motors which have taken over power ratings from 1/20 to 5. THE EMERSON 


so many farm chores. Today electric power has ELECTRIC MFG. CO., St. Louis 2 Mo 





MOTORS 
Vs to 10 H. P. 


Emerson-Flectric offers manufacturersof 
hermetically sealed units a broad back- 
Rround of engineering experience, cov- 
ering all phases of hermetic motor design, 
specification and performance. [n addi- 
tion, unequaled, specialized facilities are 
available for the production of hermetic 
motor parts. Cooperative engineering 
setvice is available without charge. Write 
us today for Free bulletin No. M106 


LEADERS IN THE FAN AND MOTOR INDUSTRY SINCE 1890 
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SHOCK and VIBRATION NEWS 


BARRYMOUNTS FOR ASSURED CONTROL OF SHOCK AND VIBRATION | 


can YOUR equipment stand the shock 
of carrier landings? Barrymounts can! 


motn a 


Official United States Navy Photograph 


New military specifica- 
tions for all services re- 
quire ruggedization of 
your equipments with 
their mountings. 


Ruggedized Air-damped and All-Metl Barrymounts and 
mounting bases are now available to meet the shock test 
requirements of specifications MIL-T-5422 (Aer), MIL-E-5272 
(USAF), and ANE-19, These mountings hold your equipment 
securely and maintain uniform performance characteristics 
even after the repeated shock of many aircraft carrier landings. 


For full information about Barrymounts and bases, write 
today for your free copy of each of these Barry catalogs: 


Catalog =524—Ruggedized Barrymounts and ruggedized 
mounting bases. 


Catalog =523—Air-damped Barrymounts and mounting 
bases. 


Catalog +509—All-Metl Barrymounts and mounting bases. 


THE BA R E Y CORP. 


730 PLEASANT ST., WATERTOWN 72, MASSACHUSETTS 


SALES REPRESENTATIVES IN 
Atianta Chicago Cleveland Dailies Dayton Detroit Los Angeles Minneapolis New York Philedeiphic 
Phoenix Rochester St. Louis Sen Francisco Seattle Toronto Weshington 
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New Parts and Materials continue 


Miniature Magnetic Head 


This miniature magnetic hea 
model HA 102, only à in. in dia ar 
| in. long, was developed tO provi 
higher component density in magn 
memory storage systems 

The small size increases the numl 
of heads that can be positioned arour 
a magnetic drum, and permits short 
registers. The non-al 
from hard ferrite, will not inj 


yrasive core, Ma 


magnetic drum coatings in 
cidental contacts, nor will 
scrapings damage the head 

It operates at freq iencies 
kc. having 13.8 mh total inductan 
and 11 ohms of d-c resistance 
stable over wide temperature 
It requires 50 ma of writing currer 
and produces 0.4 v of playback v 


ave from center tap to one 


Borescope For : holl 


sertin 


Internal Inspection bush 


dey 
The Borescope is a long, tubular — 
ind accurate optical inspection instru Ih 
ment, which has been developed fo scope 
research and inspection in aircraft and 
urcraft component plants. It can | 
used to investigate and inspect the 
side walls or surfaces of a hollow cast 
ing, such as engine cylinders, and 
crankcases, which are accessible only 
through a small hole. 
On engine cylinders, the threaded 
hole for the plug is large enough t 
insert the borescope, in order to give 
a clear and illuminated view of th 
ylinder walls as well as the interna 
surfaces of the cylinder head. Or 
crankcase, and other hollow castings o 
housings, a screw hole of half incl 
diameter will be large enough to pe: 
form a complete internal inspection 
The internal walls appear magnified 
in the optical field of the instrument 
and it is possible to study the surfa 





w Parts and Materials continued 


FOR TRANSPORTATION 
AND INDUSTRY 


D 


] 1 
O dClerminc Crack», 


orrosion or other important 


Lhe bores Ope Is i tube of halt inch 
r and eighteen inch. total 
ngth. It can be inserted into a hole 
f half inch diameter to a depth of one 
foot. The outside of the instrument 
s heavily chromeplated. The tube con 


NATIONAL has a background 
of over eight decades 
in producing quality malleable, 
heat-treated malleable and steel 
castings — ideal materials for 


' mirror can economy and dependability 
adjusted by hand to either side of d 3 s 
medium position of forty-five de in manufacturing automotive, 


grees. In its normal position, the 
irror will produ 


ht angle to the borescope tube. The other equipment. 
t t ( lagninication re 
] 


agricultural and 
a view which is at 


ra — i NATIONAL's unparalleled experience — 
inner wall of 

be inspected by in 
trument to various rigorous quality control standards, 


tating the instrument 


coupled with a continuing metallurgical research program, 


Susi 3d cud ci and completely mechanized foundries 
iround ITS OWN axis 


The erecting eyepiece of the bore in strategically located cities — is at your disposal. 
scope has a large eye cup. The eyepiece 
or pushed in for 


i Sales offices and engineering facilities 
be rotated, to 


are located at all five plants listed below. 


A 16mm technicolor film. Narrated by 
Edwin C. Hill, this 27-minute film tells 
malleable iron is made . . . tested 

used . . . how its production economy, 
ductility, machinability, toughness 

will give you a better finished pro 
Available for group showings 


Replaceable Cap PLANTS LOCATED IN 


Lowers Electrode Costs Sharon, Pa., Cleveland 6, Ohio, 
Indianapolis 6, Ind., Melrose Park, Ill., 


Electrode costs are lower and crit and Chicago 50, III. 
ıl copper alloy is conserved with 


his nen cp clewoe"Teconsst of TIDAL MALLEABLE and. STEEL CASTINGS. COMPANY 
| reusable shank and : 


able a replaceab 
ı replaceable CLEVELAND 6, OHIO 


' cap being relatively small and TN 
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| RUBBER 
ENGINEERING 


| 
‘BRAINS. 
AT WORK 


Primarily, ACUSHNET sells rubber engineering “brains” — spe- 





— 














cialized, collective engineering skill that produces the solution to problem 








jobs constantly confronting the users of "precision" molded rubber parts. 











ACUSHNET accomplishments in this specialized field of precision- 








production are widely recognized throughout industry. We count among 








our customers many of the nation's leading manufacturers, as well as 








smaller producers of quality products. 
















*** 28 * 4 
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Our Engineering Staff will gladly study your prints and recommend stocks 





with properties to meet specified conditions, or work with your engineers 











in the initial stages of their designs. Our staff is particularly 














a adept in designing molds that 
provide maximum production 








LC efficiencies and economies. 








ACESS COMPANY. Send for your copy of the 
s "Acushnet Rubber Handbook” 









































Address all communications to 768 Belleville Ave., New Bedford, Mass. 
248 
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inexpensive in comparison with 
conventional one-piece electrode 
When the welding face of the c. 
electrode is no longer serviceable, 
is necessary to replace only the inc 
pensive cap. A corrugated skirt « 
the cap provides positive electrical a: 
thermal contact with the shank, whi 
the fluted water hole in the shar 
assures maximum cooling efficien 
The design of the cap skirt and sha: 
socket provides positive alignment. 


P. R. Mallory & Co., Ir 
Indianapolis, lr 


Miniature. Pulse 
Transformers 


This miniature pulse transformer 
the first of a new series of transformer 
designed for low power applicatio: 
to be used where space is a premiur 
The reduced size is 7, z 3 


Ke BÀ 
one weighs less than 0.1 ounce. Th 


s 


A 


small size and weight of the unit 


| 
mits direct mounting with its leads t 
the chassis 


Special features are said to be fa 
rise time, with a minimum decay g 
ing a good wave form for specif 
pulse techniques Standard frequen 
response is from 100 KC to 3 
megacycles, which can be shifted 
a higher or lower frequency range 
may be required. These transformer 
can be built of class “H” materi 
for continuous operations at 200 ( 


PCA Elect cs Inc., 6368 Del gepre A 
Holly: d 


Pocket Size, Non-Ferrous 
Hardness Tester 

First of its type. for the. exclusis 
use of non-ferrous material, th 
pocket size "on the Job" surface hard 
ness testing instrument weighs les 
than five ounces and measures five 
inches in length 

Outstanding features include direct 
reading scales, One incorporates accu 
rately correlated numerical equivalents 
of the Brinel 500 KG. 10 mn 
ball testing equipment and meta 
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CONI 
ment i 
filled 
Leslie 
ice. T 


expar 
as hig 


Pre 


| NO. 1. Liquid Filled Bellows Systems 
| for Temperature Control. 


@ Permits wide temperature range and 
remote € with one device. 


Bellows Digest 


NOTE : 

BULB, CAPILLARY 
AND BELLOWS 
ARE COMPLETELY 
FILLED WITH 
LIQUID ——— 


(T) HEAT APPLIED TO BULB 
CAUSES LIQUID TO EXPAND 
a d 


(2) LIQUID EXPANDS THRU 
TUBE TO BELLOWS 


BELLOWS EXPANDS, EXERTING 
RESSURE WHICH CAN BE USED 
TO CLOSE SWITCHES, VALVES, ETC. 


CONTROLLING WIDE RANGE OF TEMPERATURE by means of one 
adjusting device is a problem solved by a liquid filled Clifford bellows 
assembly. Such an assembly permits the use of one knob to adjust do- 
mestic cooking oven temperatures by remote control from 200° to the 
top limit of the oven, and industrial oven temperatures to as high as 
650° or 700°. It can also be used where temperature range is low. 


The bellows movement is closely proportional to the temperature range 
throughout the entire operating range of the system. The differential 
required to operate a device is directly related to the range of temper 
ature to be controlled. A device requiring a wide rang 
wide difterential. 


e normally has a 


UNCONTROLLED| 
STEAM r— STEAM 


CONTROLLED 


INLET one | OUTLET 


CONTROLLING STEAM for use in process equip- 
ment is a typical application for Clifford liquid 
filled bellows assemblies. Cross-section shows a 
Leslie Temperature Regulator used in cooling serv- 
ice. The rugged, thermostatic element is liquid 
expansion type with adjustable temperature range 
as high as 350° F. 


MAYBE YOU, TOO, CAN BENEFIT from the use of Clifford 
Hydron Bellows Assemblies. Besides controlling tem- 
perature, these flexible, leakproof, 


also used to: (1 
against liquid or gas leakage; (2 
draulically to remote points; 


motion in a vacuum. 


Write Clifford Manufacturing Company, 122 
Massachusetts. 


Street, Waltham 54, 
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DESIGNERS OF CONTROLS FOR ELECTRIC 
AND GAS RANGES use Clifford liquid filled 
bulb and bellows assemblies to control tempera- 
ture. Bellows movement is used to operate switches 
that turn electrical heating elements on or off — 
or to turn valves on or off in controlling flow of gas. 


York 17 


metallic bellows are 
seal rotary shafts or packless valves 
transmit motion hy- 
3) provide for thermal ex- 
pansion in many types of applications; 

shock mountings or vibration dampening; 


(4) provide 
5) permit 


Grove 
Division of METAL BELLOWS 


ALL KINDS OF INDUSTRIAL PROCESSES re- 
quiring temperature or pressure control benefit by 
using Clifford bellows assemblies. Pictured here is 
a typical installation by United Electric Controls 
Company. This company uses Clifford bellows 
assemblies in temperature control of ovens, kiins, 
steam tables, kettles and similar equipment 


Standard- Thomson Corporation. Sales offices 'in New 
, Detroit, Chicago 1, Los Angeles. 


FP 


HEAT 
EXCHANGERS 
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Fewer T FT. | | 


a |. | lometer scale Ihe metalometer s 











Parts o fs graduated numerically in 100 equ 
. . li SIOI nd is t } sed is con 
Simple construction, fewer parts make as- | CIVISIONS ang 15 tO DE USTO as a < 
k sembly and disassembly easy — also mean peu mx sm wong" meses 
. mas 5 imens 
make longer life. j 


Unbonded Resistance 









Simple construction is not the whole story. 2l : : : 
A combination of modern design, wise choice Wire Strain Gage 
of alloy steels, with a special heat treatment 
for each part, give greater strength with less 
weight. And you can depend on Curtis cata- BABC n E 
log ratings — they are based on hundreds ment or tenue and compeessive sten 
S A of actual tests. d 
| means for strain measurement in str 


ONLY CURTIS OFFERS ALL THESE ADVANTAGES tural testing, experimental stress anal 


sis, and strength of materials researcl 








The unbonded resistance wire strait 
is now available for the meas 





f 


This instrument provides a usef 











Availability — 14 sizes always in stock. The strain gage is furnished wit 
Simplicity — fewer parts, simpler construction. knife edges for specimen engagemet 
- . and exhibits electrical characteristi 
L* Government Tests — complete equipment for govern- CER 
a similar to those of the cemented typ 
ment tests in our plant. 
c! - Write today for free engineering 
B € data and price list 
LS s 
C. C, CURTIS UNIVERSAL JOINT CO., INC. 
pim j 11 BIRNIE AVE. SPRINGFIELD, MASS, 
T As near fo you as your telephone 
= 
17 
` j A MANUFACTURER OF UNIVERSAL JOINTS SINCE 1919 


« 












viij + 


s 


r 


* 






L 

~) Stock Fewer Spares . . . You Can Use The overall dimensions are approx 
s. mately 23 in. long x i in wide x in 
^. Ni h ] V ] i high. Two active bridge arms are in 
Z` AC oO son a ves or corporated and the instrument may Lx 
= <= * operated with strain indicators of al 
: Any Pressure Medium | >: °°) © toni 
EE l 


Strain gages 


n 






The principal advantages of this 





i 


1 
} 


unbonded strain gage are that it may 
be used immediately upon attachment 






Nicholson control valves offer maximum for each 52 in service. Unlike many 
adaptability A rubber processor re poppet or balanced piston valves, they 
ports that they carry only 1 spare valve can be used for steam as well as air, 
gas, oil, or water. Specially treated hard 










to the specimen and that it may 






I 
- seats and easy repacking cut mainte- used repeatedly without destruction of 
en nance time. the strain gage. 
for 












Statham Lab., Inc., 12401 W. Olympic Bli 


Catalog 


Automatic Filter-Drain for 











Compressed Air Lines 


A filter-drain has been developed 


1 
which provides automatic. removal oí 






liquids and solids from compressed ait 

lines, with automatic drainage of col 

Lever, foot, solenoid, motor lected liquids It is designed for us 
types; size 14” to 212”; press 1 ! 

, , press. in air lines to portable air tools, ai: 

to 5000 Ibs s I 


cylinders and air-powered machines 
200 Oregon St., Wilkes-Barre, Pa. 







where removal of liquids and solids 
from air lines is required, and wher 
manual draining is not desired or pra 
tical 

One of th 


I provements over 


TRAPS: VALVES: FLOATS | dine Mis and deu uelis Jail 
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PROPER DESIGN 
IN WELDED STEEL 
ALWAYS IMPROVES PRODUCT 
AND LOWERS COST 


© 1t Co. 1952 


2 


N 
Original Construction 
on ci 
&reater 
more 


% 


Fig. 2. Present Weldesign in Steel 
50 ; 


added f 


Fig. 1. 
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New Parts and Materials continued 
be its automatic operation under con 
stant or fluctuating air pressure and 
air flow. It also continues to operate 


when the flow of air is cut off. This 
FLOW CONTRO L VA LVE feature assures drainage ot condensate 
in air lines when equipment is shut 

down. Any sludge or solid particle 

FOR VERSATI LITY in the air are filtered out before tl 
air goes to the drain chamber eliminat 
ing the possibility of clogging th 
{rain or causing the drain float to stick 
This new unit is available in. 1 in 

3 in., and } in. pipe thread sizes fo 
in-line pipe conne-tion installatios 


It is recommended for a flow of 0 






Im at pressures from 0-150 ps 






temperatures from 40 to 120 I 












C. A. N ren ( Englewood, ¢ 
Adjustable from completely 
shut off position to 25 
G.P.M. maximum flow. á " 
Will maintain constant fluid High Frequency 
flow and constant machine B 


feed over a wide range of Carbon Resistor 


pressures and feed resist- 












The Carb-ohm, a deposited carbon 













+ ances. [ 
: - 'The diagrams show but two resistor, may be used for high-fre 
> C . of innumerable circuits and quency applications, particularly where 
- "n m Š — le » » ¢ + 
--] [x] 1 == > systems where this versatile high resistance is needed, or power 
piej ones | and better valve can be elie + i 2 20 mbi 
inm . dissipat L t i are d 

e^ o o AA used to advantage. : partons up «u * equire 
1: eB x - 4 Diagram illustrates typical The resistors are also suitable for ele 
T- ALL T SEL VAL i 

R OH a a 3*-- v sie = showing control of 

M ) a mE LS ^. eL ow CONTROL cylinder. 

k 

r t 








rit 
=) 
Y 
c 
\ 


n 
i A wr Ti : 
Tse Tem, t Diagram illustrates typical 


E :3 : m 3 s 
. Laue hi ^ E circuit showing control of 
. threw iN», B hydraulic motor. 


iit 














) H : - E sie 8 model variations are avail- 
ls "-— p de Apo able— X in. Pipe Size— 1, 2, "d 
» mera V C OREO SONTROS. 4 & 6 C.P. M. Flow Max. 
B Teer Ro V d X in. Pipe Size— 10, 15, 20 
P3 £ & 25 G. P. M. Flow Max. 
x - , 
] = CHARACTERISTICS 
= 9 ]. Valve is compensated type which maintains substantially a con- tronic equipment which is subject to 
E stant flow regardless of variation in. inlet and outlet pressure. extremes of temperature. Carb-ohms 
" 2, Maximum recommended inlet pressure 1500 P.S. I. ome hermetically sealed in glass or 
j. Maximum recommended outlet pressure equals inlet pressure in humidity-impervious casings. They 
minus 100 P.S.I. are available with a threaded stud or 
4. No drain line required tapped hole terminal, as well as the 
5. Wide range of control lever rotation (270°) permits extremely axial lead shown. 
acci rate H 1 ett & 


I 1 $ 151 
















A FEW SELECT TERRITORIES ARE STILL AVAILABLE TO PROGRESSIVE DISTRIBUTORS OF HYDRAULIC 
EQUIPMENT. INQUIRIES INVITED 


Flush Latch for 
Heavy Duty Applications 


nd couns« Addre 


i A new flush latch is being produ ed 
ADEL DIVISION 






Cruna Ghassan for heavy duty applications where rug 
LR ged, severe service conditions exist i 
Burbank, € N OF GENERAL access panels and inspection doors on 


heavy equipment and interior and ex 
terior surfaces of all types of aircraft 

Tie halt fá —«—— di ion 
Manufacturers of Industrial Hydraulic: Control Equipment Ihe DOR Contains à Spring loaded but 
ton that allows for variations in closure 
contact and misalignment, insuring 


ORATION : Burbank, Calif. 


DISTRIBUTORS: AIR & HYDRAULIC CO., NEW HAVEN, CONN. © RUSS CHAMBERLIN COMPANY, PORTLAND 
OREGON * J. BOYD COATES, PHILADELPHIA, PA. è FRANK T. DONNELLY COMPANY, PITTSBURGH, PA 








HASKEL ENGINEERING & SUPPLY CO., SAN FRANCISCO, CALIF. © HASKEL ENGINEERING & SUPPLY CO tight closure of access panels and 
GLENDALE, CALIF. © HYDRAULIC BRAKE SUPPLY CO., PHOENIX, ARIZ. © LINCOLN SUPPLY CO., PROVIDENCE 1 T} > latcl " ] he j 
R. I. © SCOTT EQUIPMENT AND ENGINEERING COMPANY, DAYTON, OHIO © H. F. SODERUNG CO doors. 1€ laten opens oniy when di- 
SEATTLE, WASH. © ROBERT TAYLOR & SONS, SALT LAKE CITY, UTAH © WYATT SALES COMPANY, CLEVELAND rect pressure is applied to it. The op- 
OHIO * CORBY SUPPLY COMPANY, ST. LOUIS, MO. * INDUSTRIAL AIR & HYDRAULIC EQUIPMENT CO., sot cale. | 
DETROIT, MICH. * HYDRAQUIP CORPORATION, HOUSTON, TEX. Crating trigger 1s large enough to 
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YOU DON'T ALWAYS NEED 
MACHINE TOOLS 
FOR FINISHED 
MACHINE PARTS 


4777; OILITE 


PRODUCTS OF SINTERED METALS 


With OILITE YOU: 


Field Engineers and Depots throughout U. S. and Canada 


7/ ( PA AMPLEX MANUFACTURING COMPANY 
f (L — Subsidiary of Chrysler Corporation 


Detroit 31, Michigan 


ilite Products include: BE 2 | WN f 


ored and Solid Bars, Pern 
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E AMERICANI CHEMICAL Pang: (Co BM? New Parts and Materials conti 


CHEMICALS 


AMBLER PENNA. Me x wen gue. 


PROCESSES 


Technical Service Data Sheet 


Subject: HOW TO MAKE PAINT STICK TO oai ni 
GALVANIZED IRON WITH |ITHOFORM" 















. Stainless Steel 
Quick Assembly Clamp 


INTRODUCTION A new stainless steel clai i | kı 


as the series 21 quick cout 
| | 



















1 features a new hinged latch for 
Lithoform” forms a dense, zinc phosphate coating on zinc, cadmium, 


raly red 
id paivanize 


surfaces—including Galvanneal, cadmium plated steel, 
zinc plated steel, zinc base alloys, and zinc base die castings. The 
Lithoform”™ coating, which is non-metallic and inactive, retards reaction 
between alkaline metal oxide and the paint film. Peeling and loss of 


idhesion are thus greatly retarded on painted Lithorized zinc and cadmium. 


ADVANTAGES 
| OF 
“LITHOFORM” 


forms a durable 







' 
i 















assembly or removal, and is espe 
designed for convenience in hand] 


istry 


removable equipment It offers an 














cient seal for all types ot hose 
duct connections. The design 


Es nd for paint. It is economical. 









the latch assembly to give strength 











MT ( tc tre repaint- 
cali I combined with its all stainless 
L ( the paint construction to make it suitabl 
= 2 finish and the metal underneath. high temperature, pressure and 























































b Lithoform" meets these Gov- sion resistance Its producers 

= : nment Finish Specifications: claim a high strength-to-weight ra 

Y QQ-P-416 Specialty Products ( I Tis 

pe Rubl 

2. RR-C-82 Photograph by courtesy of à lc 

- 5 - i Murr nula. 0 no 

E MIL-E-917A (Ships) C Ls 

- Murray Circuit Protectors are fully d á helt 

. AN I 195 magrretic and provide maximum pro- Ket. L170 ‘ y ; j 
" J tection for both domestic and indus- Pocket SIze Drafting -l 





trial wiring. Housings are of galvanized 
ron which is Spray Lithorized for long 
paint life 


AN-F-20 
U.S.N. Appendix 6 







Equipment 


A new basic drafting device calle 
the paraline is small enough to be ca 


THE LITHORIZING PROCESS ried in a pocket, and is different fı 


all old models. The metal parts 


} } e e . f rnorated in one 1M hi 
Lithoform” can be applied by brushing or spraying the work with simple now incorporated in one section, whi 
| is said to eliminate the slippage foun 


hand equipment, by dipping it in tanks, or by spraying it in industrial , i 1 
i I r , in other models. The paraline has 
T-square, straight edge, triangle, pre 


Brush. Galvanized bay windows, cornices, rain gutters, hardware, tractor, a. 5. | in. s aie, ana paran 
rules all in one unit. The instrument 


measures 101 x 3! inches 















building siding, truck panels, and farm equipment are typical of the many 
surfaces that are treated effectively with Brush "Lithoform". 
Loomis Ind.. B (42, Berkeley 1, ( 


J 


Dip. This grade is used for coating cleaned surfaces of such typical 


products as cabinets, refrigeration condensers, etc., immersed in heated 
solutions in tanks. Strength of 
Spray. The spray process is the most logical one with which to coat Fiber Glas Increased 








sheets, coiled strip or duplicate products best processed on a conveyor. A new finish has been developed 


overcome the loss in mechani 
ACP WRITE FOR FURTHER INFORMATION ON "LITHOFORM" 


CHEMICALS 


P strength of glass fiber reinforced 
AC polyester laminates and moldings tha 


AND ON YOUR OWN METAL PROTECTION PROBLEMS. " 
PROCESSES is caused by exposure to moisture. It 


PROCESSES 
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RAINBOW 


Ve 


Tuar’s wry. if you want a “special” in a hurry, a U. S erties to withstand « 
Rubber belt usually can be obtained without making a new average drive—oil, high ter 
mold. You get the fastest possible delivery of your sper iae electricity. to name but a few 
“U. S.” V-Belts have practically t 
E engineers will ¢ ompound belts with spec ial prop ng the factory. the inherent stretch has be 
mechanical means. But suflicient elasticit 
enable the belts to withstand severe st 
ing power is gained by means o 
grip the grooves for complet 
belt. Protective jackets incre 
the dirt and prolonging lifi 
Finally. each. belt has the ur 
ment which provide 
erations- the fa 
from your jobber. or for ı 


A COMPLETE DRIVE SERVICE m 
MULTIPLE V-BELTS 
F. H. P. BELTS * SHEAVES 
FLAT BELTING AND BELTING 
SPECIAL PURPOSE BELTS 


UNITED STATES RUBBER COMPANY 


MECHANICAL GOODS DIVISION + ROCKEFELLER CENTER, NEW YORK 20, N. Y 
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| New Parts and Materials continue 


| is said that with this finish, strong 
| parts are produced and new appl 
| tions of glass fiber products are p 


HOOVER HONED RACEWAY* 
sible. After prolonged immersion 
water, glass fiber parts covered w 
this finish showed a loss in mechan 

| strength of less than 10 percent, 
in some cases less than 5 percent 


Garan Chemical Corp., 7213 Santa M 
Bird. I Ingeles 46, Ca 














Small Ferrule-Type 
Feed-Thru Capacitor 







POLISHED 
Polished Raceway surface 
magnified 100 times as 
sed mn other boll 
bearings 


Type 503 C, a small feed-thru « 
ramic capacitor for filtering leads pa 
ing through a chassis, has, for prot 
tion again humidity, a small rcs 
sealed ceramic disk element in a 


cessed cup at the « of the met 
I 

















Æ uoover HOONED 
Raceway surface magnified 

0 times, as used excly- 
tively in Hoover Ball 
Bearings 














ferrule. The thru-lead passes throug! 










ce. It's the 

pe! 

ed raceway 
1: that 


i 





os 


makes the 






difference 


HOOVER 


“America s eanly ! Id meus 

-B A L L F [3 A R 7 P G a hole in the center of this dielectr 

r disk. Thereforc, there is equal radia 
with Honed Raceways 





tin wi 
we 


















IVE W NIIY 


cere & inji d 


distribution to the grounded outer 
shell of all the high frequencies being 
by-passed. 

Rated at 500 v d-c, capacitan 
values of the new units range up t 
100 mt. 

Sprague Electric Co., North Adams, Ma 






















90% longer life 
30% greater load 








Double Pole, Double Throw 
Coaxial RF Switch 
A new compact, double pole do 


ble throw coaxial RF switch replac 
two single pole double throw switche 


Amazing Quietness 


The Aristocrat and offers a saving in weight and flex 
fB ' i ibility of installation. The switch 
0 ear ngs | motor operated instead of solenoid 


| Straight end connections eliminate th 
use of enefficient angle connectors, and 
save time and space. The unit is als 

| easy to mount. 

The switch has: a frequency rang 

AprIL, 195: 
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Fights Pricfionjl... with new efficiency... 
-new slinplicity...new savings! 


ALEMITE OIL-MIST LUBRICATION 


Greatly extends bearing life! 
Air pressure seals bearings! ... Stops oil drippage! 


Mist is a com- 
pletely automatic system of airborne 
lubrication for machinery application 
It is an amazingly simple lubricator 
which applies a clean, constant, uniform 
oil film to groups of bearings designed 


for either oil or grease lubrication 

A unique lubrication system. Oil-Mist 
operates on compressed air — the lubri 
cation unit has no moving parts. A basic 
system consists of (a) Lubricator, (b) 
Solenoid Control, (e) Water Separator, 
and bearing fittings and tubing. 


(2) | HOW IT WORKS: | The Oil-Mist Lubricator atomizes oil into micro- 


scopic particles which are carried in the air stream and distributed 
through tubing to bearings. 


Oil-Mist airborne lubrication is accomplished this 

pressed air entering the unit passes through air regul: 

and air gauge (2). As this air passes through venturi 
draws oil from reservoir (4). Oil flow is set by knob (5). The 
mixture of air and oil from the venturi is thrust against baffle 
(6). Only the most minute, lighter than air particles are blown 


through outlet (7) into delivery line to lubricate bearings. 


Alemite Oil-Mist offers all these lubrication advantages 


Automatic Lubrication * 


Extension of Bearing Life 


Continuous Lubrication * 


Eliminates Guesswork * Consumption of Oil Cut 90% 


Stops Oil Drippage * Reduction of Bearing Temperatures * 


Greater Safety 


Reduction in Number of Lubricants * Protection from Contamination * Elimination of "Down-Time" * Manpower Savings 


€ Oil.Mist outlet !5" fem. p.t. Air 
gauge registers to 50 psi. Operating 
air pressure —5 to 20 psi. 


€ Air regulator reduces from pres- 
sures up to 200 psi. Normal air con- 
sumption —.7 to 1.2 cfm. 


è Range of oils handled 
(S.U.V.) @ 100°F. 
€ Oil reservoir capacity 12 oz. (ap 
proximately 1 week supply). Intake 
filter screen—70 mesh. Fill plug 


to 1,000 see. 


® Material—die cast aluminum body with nylon plastic 


window. 


€ Baffletype water separator 
quires no manual attention 
Air inlet !4" fem. p.t. 


Alemite OILMIST Lubrication 
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delivers oil to bearings 3WGVS 


1. Oil-Mist as Such. Most comn 
of anti-friction bearing — ball 


2. Oil in Spray Form. F 
and chains. Spray nozzle part 
into semi liquid form 


a concentrated area 


3. Oil in Liquid Form. F 
ways, vees, cams and rolk 
condensing fittings are used 


automatic self-dumping. Re 
no filter elements to replace. 


dyst oyt lr new Oil-Mist Catalog 


and Engineering Data Book. Write now for your 
FREE copy. Alemite, Dept. T-42, 1850 Diversey 
Parkway, Chicago 14, Illinois 
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Size and Spherical Accuracy 
| Perfection of Surface 
Uniformity —Dependable Physical Quality 


NOT A BETTER BALL mane... 


And theserviceresults from every 
Strom metal ball prove it— not 
only in the finest precision ball 
bearingsbut also inthelotofother 
ball applications where Strom 
balls are doing the job better. 
Strom has been making pre- 
cision metal balls forover 25 years 
for all industry and can be a big 
help to you in selecting the right 
ball for any of your requirements. 
In size and spherical accuracy, 
perfection of surface, uniformity, 
and dependable physical quality, 
there's not a better ball made. 


Strotf] s: rart, co: 


Larges? Independent and Exclusive Metal Ball Manufacturer 


LET NEY EXPERIENCE AND 
EXPANDED PRODUCTION FACILITIES 


E 
C |NTACTS, brushes, wipers, 

! similar components for electrical 

t a held in which Ney Research has 

ishments. Ney precious metal alloys 

for these applications are widely and very success- 
nlarged manufacturing facilities have been added 
creasing demand. If you have applications in 
write at once for the Ney Technical Data Book 


r Engineering Department outlining your needs. 


THE J. M. NEY COMPANY * 109 Elm Street 


HARTFORD 1, CONNECTICUT 


New Parts and Materials continue: 


up to 11,000 Mc./sec; V.S.W.R. les 
than 1.3 to 1; insertion loss less tha: 
0.5 db throughout operating rang 
attenuation between unused connector 
55 db average; motor driven actuate 
rating 24-28 v d- 

Various models are available fo 
most aircraft applications requirin 
efficient performance under extrem 
temperature and shock condition 
Switches are precision built to exactis 
military specifications 
Tra Products Inc., 12210 Nebraska A 

I A) 25, Cal 


Starting Switch for 
Fractional Hp Motors 


To  overcom starting winding 
switch failures, caused by foreign mat 


becoming lodged between the ex 


te 
CCr 


4 t uite 1] 
posed contacts of the switch, a totally 


| 
enclosed starting winding switch has 
| 


xen developed having snap action 


mechanism. With this design, dirt 
sealed out, positive operation is 
sured, and control at the changeox 
point of the motor is improved 

The switch in the illustration is i 
in. in diameter, and 0.5 in. thick. Th 
nit is designed to be mounted arout 
the motor shaft and directly operated 
by a centrifugal unit. The housing 
black thermosetting plasti 

(cro. Míg. ( 


Electrical Tubing With 
Good Flexibility 


Known às silicon rubber coal 
fiberglas tubing, this clectrical tubing 
is a class H product having good flexi 
bility and heat endurance. It will with 
stand exposure of 200 hrs at 200 ( 
without becoming brittle 

This new tubing is manufactured by 

selected sizes of glas braid 
ire coated with silicone rubt 
pecial multiple coat proces 


: : 
iniform coating and roun:! 
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For... 


Gear Reduction Units 

Aircraft Reciprocating Engines 
Automotive Accessories 
Jet Propulsion Units 


Washing Machines 
Standard & Special Machine Tools 
Electrical Power Equipment 


Business Machines 


If you have a shaft sealing problem, Gits experience 
in these and many other specific applications can 


* Cartridge Seal. . . pressure ; 
prove of great and immediate value to you. 


balanced . . .requiring 
only 25% more space Write today for FREE illustrated Brochure, or 
than lip-type seals. send us your seal problem. 


GITS BROS. MFG. Co. 
1838 S. Kilbourn Ave. * Chicago 23, Ill. 


Gits Lubricating Devices, 
The Standard For Industry For Over 40 Years 
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Microcast... 


CUTS MACHINING 
COSTS ON NEW 
FARM BALER 


FRONT TWISTER 
ANVIL— Weight .! Ib., 
approx. 5/16'' thick, 
2'' long, ond 1!/** 
wide 


REAR TWISTER 
ANVIL— Weight .125 
CLUTCH PAWL Ib., opprox. 5/16'* 
Weight .43 Ib., thick, 2'' long, and 
opprox. 2'' long, d l'4'* wide 
| !'' max. dio 


READY TO USE Precision Castings Lower Cost 


» three Microcast port 
n above are being d To effect considerable savings in 


ast, with o 


aes machiniag costs on their new 
n. Automatic Wire-Tying Baler, 
Pennsylvania s New Holland Machine 
Company wisely chose Microcast 
parts for three vital components. 
Also contributing to those savings 
was the complete development 
engineering assistance rendered by our 
Microcast Division, a skill developed 
through almost 25 years of 
pioneering in precision castings. 
Perhaps you have a similar problem 
coming up... why not get full 
Microcast information today? 


MICROCAST DIVISION 


AUSTENAL LABORATORIES, INC 
FREE BOOKLET 224 East 39th St., New York 16, New York 
715 East 69th Place, Chicago 37, Illinois 
terature describing 
the Microcast Proce 
Technical information 


a " : f 
case histories, - » 


| AETA SA 
savings. No obliga P d r Di e 
tion. Get phe MA MBS me zB TT E 


yours today — I 


MEETINGS 


April 21-22 


AMERICAN ZINC [INsTITUTE-—TI 
ty-Fourth Annual Meeting, Ho 
Statler, St. Louis, Missouri. 

April 21 

SOCIETY OF AUTOMOTIVE EN 
NEERS— National Aeronautic Meeti 
and Aircraft Engineering Disp! 
Hotel Statler, New York 


April 24-25 
SOCIETY FOR ADVANCEMENT ( 
MANAGEMEN Time Study and 


Methods Conference, Hotel Statle: 
New York. 


April 29-30 


METAL POWDER ASSOCIATION 
Eighth Annual Meeting and Show 
Drake Hotel, Chicago, Ill. 


May 5-16 


British INDUSTRIES FAIR—-London 
and Birmingham, England. New York 
Offices, 30 Rockefeller Plaza, New 
York 20, N. Y. 


May 8-9 


AMERICAN INSTITUTE OF INDUS 
rRIAL ENGINEERS—Methods Improve 
ment Clinic, Dayton, Ohio. 


May 10 


AMERICAN INSTITUTE OF INDUS 
IRIAL. ENGINEERS— Annual Conven 
tion, Dayton, Ohio. 


May 12-14 
INSTITUTE OF RADIO ENGINEERS 
National Conference on Airborne Ele 


tronics, Dayton Biltmore Hotel, Day 
ton. Ohio 


May 14-16 


SOCIETY FOR EXPERIMENTAL STRESS 
ANALYsIs—Spring Meeting. Hote! 
Lincoln, Indianapolis, Ind 


May 22-24 


AMERICAN SOCIETY FOR QUALIT 
CoNTROL— Annual Convention, Ot: 


ondaga County War Memorial Aud 
torium, Syracuse, N. Y 


June l-4 


AMERICAN GEAR MANUFACTURI 
ASSOCIATION— Annual Meeting. TI 
Homestead, Hot Springs, Va 
June 15-19 


AMERICAN SOCIETY OF MECHANI 
CAL ENGINEERS--Semi- Annual Meet 


ing, Sheraton-Gibson Hotel, Cincir 
nati, Ohio 
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BEBRENESRENNESSSESENESSEBERBE Titi ii iit iti ia 
LLLLLLLLLLLLLLLLLLLL] "SENER"NSEER*"?5"uaS 
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' Unit pem 


oo Wool 


Exhaust Fan Guards 


Tu Furnaces 


I TM d s 
es A 


Air Conditioning Units 
de 
adu Humidifiers 


NATIONAL- 
STANDARD 


\ > 


ry hany 


.-....... Uthagraphing and Spösisi Mashisery 
WORCESTER WIRE WORKS Worcester, Mas Round ond Shaped Stee! Wire, Small fom O~ 


^. y 
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£y 
1 £7 If your product will permit a standard 


* SPEEDY SERVICE ØS 


KJ pitch, look it up in the Sewall Catalog of 
Æ] Stock Sprockets. Or let us send you an esti- 


67 
7 


A 

7 

; * PRECISION BUILT 5 
LJ 


i CUSTOM-BUILT GEARS for every requirement 


* COMPLETE LINE 


mate on your special design. True running, 
durable gears and sprockets all add up to 
over-all quality in Sewall products. 
- 





















EET — m Send for FREE 
EB. SEWALL MANUFACTURING CO. E Sprocket CATALOG 

I 696 Glendale St. e St. Paul 4, Minn. j or Phone Us at 
i NEstor 1381 
5 
: The Swing 
; is to 
‘J 
3 Durakool 


a dependable 


—— 


Ury C o 
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MERCURY SWITCHES 
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Ad Libbing By the Editor 


How to Make a Million 


The fortune is made not by tl 
original inventor but by the entr: 
preneur takes th« 
and gets somebody to buy 
It doesn’t make much difference wh 
the idea is worth 


who idea, embe 


lishes it 


The big thing 


to get a fancy price for it. The q 
tion then is how to put across the n 
idea and get fame and fortune. Th 
process is relatively simple and fi 
the benefit of readers of inventis 
mind who wish to be their own pri 


moters it is being set forth here in cor 
siderable detail 
The first step is to get a big idc 


This is not hard because every id 
is a small idea at the time of its in 
ception. Therefore the procedure 
to get a small 

it and after it has been properly magn 
fied it is then multiplied. When this 
is done with acumen the idea finally 


develops into a real big overwhelming 


dea and then magnify 


something that promises to revolutior 
ize the world. The 
tured to cause thrones to totter, en 
pires to expire and to revolutioniz 
completely all existing standards, pra 
tices and the status of the art 

Having nourished the embryoni 
idea to proper gigantic stature throug! 


idea must be pi 


the medium of imagination unfetter 
with facts, the next step is to clotl 
it with a suitable vocabulary. This 
the first of the several crucial steps 1: 
volved and to accomplish it properly 
is of the nature of an art. The vocal 
ulary should use mostly Anglo Saxo: 


words with just a faint sprinkling ot 


manufactured words and unrelated 
[acts 
It is the manufactured words that 


have the greatest potency as is so 
learly demonstrated in advertising. By 
| simple rule it is 


4 


relatively easy to 
manufacture words by the process of 
mixing syllables”. For example, tak 
the two words elasticity and gyration 
Mixing the syllables and dropping 

few of them we get "elastiration 
which will mean anything you want 
Practice the pronunciation so you cat 
say it glibly. Another good combina 
tion is to mix up a few nucleonic words 
such as "fission", "neutron" and "ek 
tron" which jumbled up together com 
out neutrosion 
it means but it sounds awfully good 
especially when applied to some mys 
terious process. For example, “By this 
wly discovered principle of elastira 


| don't know what 
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THE SHADOW 
of QUALITY... 


CAST BY STALWART RUBBER PARTS! 


The quality of the components determines the 
performance of the finished product . . . and 
STALWART custom-engineered rubber parts 
are mass-produced to the highest standards. 
Various compounds have been developed 
which retain their physical, chemical and di- 
electric properties regardless of the effects of 
extreme temperatures, oil and gasoline, chem- 
ical action, abrasion or weather. 


STALWART rubber compounds are supplied in 
precision molded, extruded, die-cut and lathe- 
cut shapes for application in aircraft, auto- 
mobiles, trucks, marine equipment, railroad 
rolling stock, processing equipment, electrical 
assemblies, and other equipment. 


Precision-fabricated parts can have varying 
degrees of hardness, tensile strength, and 
elongation to meet individual, S.A.E. 

or A.S.T.M. specifications. 


Write today for the new 16-page 
illustrated catalog Number 400-SR 
for additional details. 


 TALWART RUBBER COMPANY 


200 Northfield Road Bedford, Ohio 
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^ Shims stamped from brass or steel 
V LAMINUM $ look and act like solid metal 
E m but they peel off in .002" (or .003") layers. 
(E 
C C 1 


' 
i 
y 
4 


Provide great ac- 
curacy yet allow 
easy machining 


No counting 


aie 

7 
ie 
Yon 

















I . c tolerances L^ 
OC: iw Speed production d 
- s^! ae by simplifying V No stacking 
= = y! e o your spacing ad- > E 
justments "3 
QU o 
f> 2> 
> s Reduce lathe time; / e 
Ec no standby ma- n No miking 
B chine required dur- KE. 
E wt ing assembly A 
>- a 
f 4 e 
, Adjustments right D (ee | Precision cut to 
SE at the job by peel- j | your exact specifi- 
a ing laminations os lo — cations, with care- 


with a penknife 





sp ful quality control 


Save production time! Shims are more important now than ever! 
SEND TODAY for our Engineering Data File 


THE SOLID SHIM THAT FOR 
ADJUSTMENT 





LAMINATED SHIM COMPANY, Inc. 


1404 UNION STREET GLENBROOK, CONN. 





bd 
CUSTOM SHIMS STAMPINGS SHIM STOCK 
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tion we have achieved the long sougl 
neutrosion of the electron with it 

negative nucleus. Thus it is that w 

have created this world shaking new 

alloy ‘elastirium’ with its amazing 
properties.” 

The next step is to select some ma 
terial that is quite new but has bee: 
frequently mentioned in newspapers 
and literature. At the present time 
Germanium is an excellent one. You 
can mention it and attribute certain 
mysterious properties to it which it 
may or may not possess and then set 
it up as a criterion to illustrate how 
your new material or idea possesses 
certain far superior properties and 
promises to greatly excel Germanium 
Of course you don’t have to know 
much about Germanium because all of 
your listeners will assume that you arc 
an expert on the subject and they wili 
fear to dispute you lest they show thei: 
ignorance, 

The next ingredient in your pros 
pectus is to include a few historical 
items. That phase of it can be made 
up entirely from the imagination and 
you can also rest assured that no one 
will dispute you because everyone will 
assume that what you are talking abo 
is a phase of history which they have 
not studied. Again your listeners will 
refrain from showing their ignoranc 

Having built the prospectus with 

great care the next step is to find th 
prospects to whom you are going to 
sell your idea. Here it will be neces 
sary first to set up carefully drawn 
specifications as to who the prospect 
should be. Among the essential spe 
fications are the following: 

1) The prospects must have money 
of which you might possibly relieve 
them. 

2) They must be men who pride 
themselves on their knowledge, educa- 
tion and business acumen. 

3) They must be high up in the 
organization of which they are a part 

i) They must have nothing more 
than a superficial knowledge of the 
subject of your idea. 

5) They must be gullible. 

It is imperative that the men ap 
proached be in high position and pride 
themselves on their knowledge, edu 
cation and business ability. With these 
attributes the men will hesitate to be 
too positive in disputing your claims 
and assertions lest they "guess" wrong 
and expose their own ignorance and 
shortcomings or lack of business cour- 
age. 

Having selected the audience, the 
ground work must be laid to “put 
across" the idea. To put it across 
successfully requires several elements 
Besides the bigness of the idea and its 
great promise of profit and glory, it 
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FORD ANNOUNCES 


THREE NEW 
Heavy Duty 


FORD “317” i 
INDUSTRIAL ENGINE i 
Type —V-8 9 h Valve 

Bore— 5.8 inche 

Stroke— : : he 




















Displacement — 


3. [dL E | E 


FORD “279” 
INDUSTRIAL ENGINE 


Type—V-8, 9 verhead Valve 
Bore—3.56 inche 

Stroke— 35 he 

Displacement — 279 

Rating (dyn.)—!25 b.h.p. @ 2800 rpm 


































FORD “215” 
INDUSTRIAL ENGINE 


Type—6 cylinder Overhead Valve. 
Bore— 3.56 inches 

Stroke— 3.6 inches 
Displacement — 215 cu. in 

Rating (dyn.) —33 b.h p. (» 2800 rpm. 


Designed and Built for 
INDUSTRIAL APPLICATIONS 


@ Now, manufacturers and users of industrial powered 
equipment have a choice of six great Ford engines . . . all 
especially designed for industrial applications and incor- 
porating notable advancements for still greater performance 
and operating economy. With the three new series pictured 
here and three series in the present line, there is a choice 
of six engines ranging from 120 to 317 cu. in. displacement. 


The new Ford "MULTA-TORQUE" Converter offers all the 
advantages of fluid coupling PLUS torque multiplication, 
Designed to absorb shock loads, pre 
vent stalling under excess loads, and 
start bigger loads faster, the "MULTA- 
TORQUE" Converter enables Ford 
Engines to power equipment " 
normally requiring 

much lorger, more 

costly engines in 

the same applications. 
Available with "215," “239" and 
*254" Ford Industrial Engines and 
Power Units at low additional cost. 





Our experienced Sales Engineers are at your service in 
developing engineering recommendations for the most effi- 
cient use of Ford Industrial Power in your application. 





INDUSTRIAL ENGINE DEPARTMENT 


FORD MOTOR COMPANY 
15050 Woodward Ave., Highland Park 3, Mich. 


Ford Industrial Engines 
and Power Units are 





| 
| 
| 
RIGHT 3 WAYS for your job! | Wesn desdudi Md qus Ko 
| E dE 
RIGHT POWER for your job—six great | sate your appuca 
engines available in both Power Units Send us 1952 literature on Ford Industrial Engines checked below 
ine Assembli 
and Engine Assemblies | "120" 4-Cyl. "215" 6Cyl “239" V-8 
| "254" 6-Cyl. "279" V.8 95317" V.8 
RIGHT FEATURES—ol! the latest od- | “MULTA-TORQUE” Converter 
vancements of Ford's famed progressive | 
engineering F R 
All six engines in the 1952 | IRM NAME . 
Ford Line are available as ease F 
bli sete P RIGHT SERVICE—Ford Industrial Engine | srreer 
— 9s er compiere Vow- Service is Nationwide. Parts obtainable | 
er Units, closed or open type. quickly from your nearest Ford Dealer } city ZONE TATE $ 
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whofe MARD RUBBER is right... 
use it! 

























































































































it 


ur 
‘ 





r 











tàn 














WNIT 


,.. can't hurt 
= ACE molded parts 


Because ACE hard rubber is completely unaffected 
by most chemicals and doesn't object to water in the 
least, it's ideal for parts like this rayon candle filter. 

One of the strongest plastics (tensile up to 10,000 
psi), ACE hard rubber is good for tough jobs, 
Easy to machine (the threads above, for example), 
easily polished (like your faithful ACE comb), it does 
a better job at lower cost in thousands of parts from 
bearings to magneto parts and water meter pistons. 
We can mold it for you, extrude plain and fancy 
shapes, supply sheets for punched parts, line or 
cover metal with it, and even make large, intricate 
parts by hand-wrapping. 

Ask for valuable design Handbook on ACE Hard 
Rubber and Plastics. 
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American Hard Rubber Company 


93 WORTH STREET + MEW YORK 13, N. Y. 
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must be presented as something m 
terious. And to clinch the deal i: 
hurry, you must be prepared to ci 
vince your prospects that they m 
decide immediately to accept the pro; 
sition as there are others ready 
jump at it. 

After you are fully prepared y 
make the arrangement for a prelimi 
ary hearing with the selected she 
that are to be sheared. You m 
make certain that this will be nothi 
more than a preliminary hearing, \ 
secret and the audience confin 
only to the immediate principa 
At this hearing you make tl 
presentation which you have 1 
hearsed many times. You throw o 
all the million dollar words with gre 
fluency and assurance. You emphasiz 
the mysteriousness of the new inven 
tion and give some kind of an explana 
tion to show the difficulty of under 
standing the idea. You sympathiz 
with them over the fact that ever 
people in the highest realms of scien 
will have great difficulty in under 
standing this new idea. By adroitness 
you suggest that there be a meeting 
with some of the technical heads of 
the company to give you the oppor 
tunity to present it to them. But you 
repeat the difficulty of understanding 
your super scientific discovery. Th: 
subsequent meeting is then set for 
date in the near future with everybody 
sworn to secrecy. This last is of great 
est importance 

Knowing some of the technicians 
who have been selected for the secret 
hearing you approach the most gullibk 
one and sell him on the great virtues 
of this idea and casually drop the rc 
mark that one of their strongest com 
petitors is after you. You don't tell 
him much but impress upon him that 
it can not be expected for him to 
understand the idea completely in such 
a brief meeting because after all you 
have worked twenty years to develoj 
it. By good sale ssmanship you at least 
get him to the point of a tentative a 
ceptance and sow seeds in his mind 
that his company must act quickly 

Then comes the pay-off. The meet 
ing is all arranged. You come to the 
meeting with a determined expression 
mixed with a slightly worried look 
When it comes your turn to deliver 
the case you announce you have 
learned that another individual has by 
accident hit upon something that might 
lead him to the same idea and there 
fore it would be most essential that 
the group proceed immediately wit! 
its "m S tyr development. Ot 
course you make it plain that the other 
individual still has months to go be 
fore he becomes dangerous and might 
never discover the principle 
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Covrosion Was a Problem 


UNTIL THEY SWITCHED TO MAVARI R 


T he medicine cabinets and waste 

receptacies in Bennett Manufactur 

ing Company's line were originally 

made of mild carbon steel. And, like 

most products containing this grade 
of steel, they presented a corrosion problem. For 
instance, rust would often concentrate at one or 
two spots and cause considerable damage long 
before a receptacle or a cabinet had served its 
expected life. 

To solve this problem and to improve their 
competitive position, Bennett began using low 
alloy, high-strength Mayari R. This grade of steel 
was not expensive and it offered excellent resist 
ance to corrosion. Longer life and all-around 
better service resulted—they have used Mayari R 
in their products ever since. 

Tests show Mayari R to have from 5 to 6 
times the atmospheric corrosion-resistance of 
plain carbon steel—and 2 to 4 times that of 
copper-bearing steel. Besides this, it retains paint 
20 to 80 pct longer than carbon steel, depend- 
ing, Of course, upon the type of paint used 

No matter what you manufacture, it will pay 
you to investigate this versatile grade of steel 
Our Catalog 259 explains in detail how Mayari R 
has been used to advantage in products ranging 


from locomotives to flatirons. Write for a copy 


BETHLEHEM STEEL COMPANY, BETHLEHEM, PA 
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SUGGESTED -BRUSH HOLDER 











General Electric Co., 
Small Motors Division, 
| Lynn, Mass. 


| Att: DESIGN ENGINEERING 
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The production of a light weight, rugged brush holder for 























eS use with aircraft generators posed a problem for General Electric. 
+ . They wanted a high-quality, rigid brush holder at reduced cost, 
A > produced by a process that afforded closer control of tolerances. 
[> - Atlantic was consulted and the recommendations they made on 
: : the brush holder design provided more than ample strength. The 
a Atlantalloy process provided the close tolerances and lower cost. 
> 
e »" 
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Old brush holder designed by General 
Electric for use on aircraft generators. 











































New brush holder designed in col- 
laboration with Atlantic engineers and 
produced by the Ploster Mold Process. 

















WRITE for a copy of "Quality Precision Castings for Industry" on your 
Company letterhead. This booklet explains how the plaster mold 


process cuts production costs, and includes specifications on Atlantic's 
alloys. 
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Sans, Souci contin 








With your beautiful prospe 
worked up, your manufactured vo 
ulary, your references to history, y 
illusion to similar great developm« 
now in the public eye and last 
not least positive statements of 
glory and the profit. involved, 
force the issue with a statement so 
thing like this: 

"And now gentlemen, the timc 
action is now. For reasons I cant 
divulge, it is essential that we 
ceed at once. (The gullible guy i: 
whose ear you buzzed has undoubted 
told them that the hated competit. 
wants to steal it away.) You reco 
nize it is impossible for me to clari! 
completely all of the great possibili 
inherent in this great new alloy, fisor 
ium, with its amazing properties « 
elastiration and neutrosion. But m 
in your position with your vast back 
ground of experience can readily se 
that this alloy is the only solution 
unsolved problems in the manufact 
of isotopes, reactive jets, fission der 
vates and a host of others. Just as Ed 
son's lamp lighted the way for the 
development of the great electrical ir 
dustry, so will fisonium bring to t! 
home the immeasurable benefits of n 
cleonics 


‘It is necessary to make available t 


me immediately $100,000 so that 
will be able to compile all my su; 
porting data, make two great exper 
ments to provide the needed confirn 
trons for patent applications and to et 
roll in this project a selected group o! 
scientists 

Never ask for less than $100,000 . 
that is about the minimum worthy o! 
consideration by top management. Iı 
fact, at the last annual meeting of tl 
Association. of Entrepreneurs jt wa 
recommended that in view of inflatio: 
the minimum asking price should | 
advanced to $250.000. Two membe: 
reported gratifying success with th 
figure 

If you have done the job well vi 
can class yourself with Six-Hundred 
Percent Miller, Ivan Kreuger, Get 


Rich-Quick Wallingford, Ponzi ot 


Boston and a host of others. How wel 


largely on how intelligently you hay 
conducted the operation and how we 


vou have fortified yourself agains! 


redress. On that score, always remen 
ber that the wife who got stuck ! 
the door-to-door salesman didn’t eve 
tell her husband that she had bee 
gypped. 

Note:—We have available a ver 
limited supply of the book, "How t 
Cultivate Suckers and Make Millions 
at $100.00 per copy No COD 
orders accepted. Get yours before th 
supply is out G. F. N 
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you get away with it will depend 
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LOCI 
rod a 
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gr'pp 
positi 
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This 





For a nut that won't vibrate 
out of adjustment 


d s 


Vals aec, 


LOCKS ANYWHERE Spring-loaded reach VIBRATION-PROOF idler tumbler on this EASILY ADJUSTED On applications like 
rod and stop lever on this new General Excava new shovel must maintain constant tension these, General Excavator has provided 
tor shovel depend on Elastic Stop Nut's positive against crawler belt. An Elastic Stop Nut holds tomers with the easy, sure method of adjustment 
gripping action. The elastic collar permanently it firm in the face of vibration and heavy impact Elastic Stop Nuts. These nuts take hair-fine od 
positions the nut anywhere on the bolt to accu loads. The Famous Red Elastic Collar hugs iustment in the field or in the factory - and h 
rately maintain spring-loaded settings threads, damps out vibration t indefinitely 


its cus 


A 
f 4^3 Uf wuts 


Elastic Stop Nuts are supplied with integral locking collars of nylon or 
fiber—permit multiple reuse—have military, naval, and air force approv 
als. For design information on Elastic "lop Nuts, contact. vour local 
ESNA representative, or mail the handy coupon to Elastic Stop Nut 
Corporation of America, 2330 Vauxhall Road, Union, N. J 


Elastic Stop Nut Corporation of America 
is also maker of the ROLLPIN poli, 


Dept. N3-42, Elastic Stop Nut Corporation of America 
2330 Vauxhall Road, Union, N. J. 


Please send me the following free information on ESNA self-locking fasteners 
This newest earth mover of the General AN-ESNA conversion chart Rollpin bulletin ond sample R 


Excavator Company is 100% equipped — e yr due vere diee, gren 
with Elastic Stop Nuts. At 750 key spots 

General Excavator simplified assembly emen 

with these standard fasteners — offers 
customers less maintenance, easier 
maintenance. Street 


elf-locking fastener would you sugge 
3 j 


Firm 


City 
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ABSTRACTS 


Sfow ZO LUBRICATE A 


VERTICAL GUIDE POST 












I Icat-Resisting 
Sintered Aluminum 


Abstracted from Heat-Resisting Sinte 
Aluminum by R. Irmann, The Engine 
Digest (England) January, 1952. 










ALUMINUM POWDER can be prod 
by atomization of the liquid 

by vibration of the near-liquid | 
metal, or by dry or wet crushing. T 
first two methods result in equi-ay 
grains, usually of about 200 micr 
(8 x 10? in.) linear size, and th 
two methods in flakes of 1 to 


micron thickness or under special cor 











ditions, of even less than 1 m 


t 


thickness. Ordinary. commercial 








] 
minum forms an Oxide skin on ex 


‘irra 
EnfaY 


sure to air, the thickness of the 









increasing with time of exposur | 




























2 powder is first compressed cold 

x 1 à pressure of 12 to 30 tst, then 
z tered at 500 to 600 C under a pre 
L of 30 tsi, and finally extruded or 





















pressed at the same temperat 
| 


Í 
under a pressure of 30 to 60 ts | 


rrit 





strength of h sintered prod 





tir 





5 room temperature is many 
» al -— l eee 

of cast aluminum and compara 
» wu heat treated Al-Cu or Al-Mg 
-. Fig. 1 shows the mechanical p 
/ 8 ties Of products sinter | [ron DOW 
T | [| in I f n pov 
a 


n 


: ...the way CHAMPLAIN does it with a 
BIJUR SYSTEM 


Keeping a constant oil film between the guide post and 
bushing was the problem here. It is solved by cutting 


. controlling the oil 


flow thru a meter-unit ct the drilled passage . . . supply- 


did rg t f i tic lub FIG. 1—Influence of oxide content an 
in measured volume of oil from an automa lubrica- : 
g a measured volume o! o » ulomatic lubrica fineness of aluminum powder on the me 


chanical properties of the sintered prox 
uct at room temperature 









tor which force-feeds oil to all four guide posts and 47 


other punch bearings. This is another example of Bijur 


of varying fineness (No. 5 being 









“teamwork for bearing protection." For aid in solving finest powder) and values for A C 
The correct B | finest powder) and values for AI 

your lubrication problems, call in a Bijur engineer. ind Al-Mg are given as a comparisot 
EOC the figures for zero per cent oxide 


: f : 
t n the st me se 
ió esch hose of the cast metal. These q 


ties are due to the oxide skin envelo 
individual ing each individual powder partic! 


s On sint 5 She duin te hosbsa 
bearing... n sintering, the skin is broken 


LUBRICATING CORPORATION the particles weld togethe 
n nly at single points, | 





I 
Rochelle Park ° New Jersey 30 as to give sutficient 
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Build eua of Unit measuring 


into your equipment 


Brown & Sharpe Electronic Amplifier No. 950 
for .0001" to .00001” readings. Goge Head 
Cartridge No. 953 is plugged 


Versatile Brown & Sharpe Electronic Measuring 
Equipment is easily adapted to your machine or 
fixture design. It provides fast, accurate setting or 
gaging to .OOOL” with human error practically 
eliminated. 

An outstanding advantage is the separate 
amplifier unit which isolates heat-producing 
elements, preventing temperature drift in gaging 
units. It's economical, too — you can design in- 
expensive Gage Head Cartridges into several fix- 
tures and use the same amplifier for all of them. 
True linear response of the amplifier eliminates 
the need for "go" and "no go" masters — just 
"zero" the pointer on initial set-up and read varia- 
tions directly from the accurately graduated dial. 

These are but a few of the many 
advantages of Brown & Sharpe 
Electronic Measuring 
Equipment. W'rite 
for detailed Bulletin. 

Brown & Sharpe 
Mfg. Co., 
Providence 1, 


> Bey Gh. oe a 


Special fixture utilizes Gage Head Cartridge 
ond Amplifier to measure internal angle accu 


racy to + 1'2 seconds independently of bore 
size and without reference to locat ng surface 


Gage Head Cartridge No. 953 mounted on 
fixture to measure a fixed gage used with 
Amplifier No. 950. Standard comparators for 
Electralign an application of this precision external or internal measuring also available 
electronic equipment in Brown & Sharpe's own 
grinding machines. Permits fast, accurate setting 
of swivel table for precision grinding straight 
vork or exact tapers after a single trial grind 


WE URGE BUYING THROUGH THE DISTRIBUTOR 


Brown & Sharpe =s 
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TYPICAL APPLICATIONS 


nILBHMNEEYN 


etei 


in 





Business machines 
Advertising displays 
Air compressors 

Air heaters 

Air pulsators 
Furnace controls 
Vending machines 
Blowers 

Bathroom heaters 
Sound recorders 
Phonographs 
Record changers 
Kitchen exhaust fans 
Small unit heaters 
Timing devices 
Window ventilators 










c 
| motors 


1/50th to 1/500th H.P 


You'll find plenty of rugged dependability 
built into each of these famous General 
Industries’ Smooth Power small motors. 
Backed by more than thirty years of design 
leadership, they provide trouble-free, long- 
lasting performance under the most severe 
operating conditions. 

Write today for complete information, in- 
cluding specifications, design features, 
dimension and quotations for volume 
applications. 


2-pole induction type 


2-pole induction type 


4-pole induction type 


THE GENERAL INDUSTRIES co. 
DEPARTMENT MM s ELYRIA, OHIO 
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longed heating at 500 C. 


If an aluminum powder o 
ness between No. 3 and No. 4 is sit 
tered, and the sintered product teste 
at an elevated temperature after b 
ing held for one month at that ten 
perature, then its strength is seen t. 
decrease, though not at the same 
as that of a heat treated Al-alloy 
elongation of the sintered product als 
decreases while that of the recrystal 


lising alloy increases 


The superior heat resistance of the sin 
tered unalloyed aluminum is still mor 
strikingly displayed by the fact that 
if tested at room temperature after one 
month’s heat treatment at 500 C, th 
sintered product loses practically non 
of its strength (Table I). Even after 
very prolonged heat treatment at 25( 
C, its proof stress remains unimpaired 
The creep qualities of sintered alum 
num are also superior to those of 


Al-Mg alloy 


Table I. Mechanical Properties at 
Room Temperature After Prolonged Heating 


Sintered¥ (Al-Cu 
aluminum alloy 


Material 


[Treatment extruded (quenched, í 
l 


after 1 tempered 
mth at after ] 
500 C day at 
100 € 
Ultimat 21-23 21-27 
tsi 20 22 . GS 
0.2 Percent 15-17.5 7.5 
Proof stress 
tsi 14 17 2.5 2 
Elongation. 6-5 10-14 
percent 
f N 20 0 
Brinell 100 110 90-120 
Hardness 
kg/mm? 95-105 30-40 


The main advantage of 
aluminum for the design of machinery 
will be its heat resistance. 
form an excellent material for engin 
pistons because of its heat resistance 
thermal conductivity, small thermal ex 
pansion and absence of permanent vo 
its melting 
point is appreciably higher than that ot 
Al-alloys, so that overheating (e.g., 11 


ume change. Moreover, 


Diesel engine pistons) is less likely 
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Since the oxide skin still i 
lates each particle over most of its ci 
cumference, recrystallization or gra 
growth are inhibited even at elevat: 
temperatures. Thus, while heat treat 
alloys lose their strength by heati: 
it 400 C, the properties of the sinter 
product remain unaffected even by 

















The high temperature fluctuations 
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Why not think BIG 


when you plan on plastics ? 


ITCH PANEL 


aker Co. 


limited vour think- larger the size, the greater is the econ- 
airly small pieces, my avatlable through elimination of 
insider them in a many machining, assembly, and fin 
new lig as material for ishing operations 
najor units or components In large and small moldings the 
Jigver presses, Improved techniques inherent characteristics of Durez 
custom molding, and the versatility phenolics have won them an important 
f phenolics developed by Durez have place in industry. They mold to critica 
reatly enla the utility of moldings tolerances. They have outstanding A E" MOLO!NG COMPOUNDS 
recent ve; electrical values and resistance to 
Pieces weighin 40 pounds chemicals and to heat, plus impact 
nd more are now turned out, reads strength and permanence of finish 
assembly, at mass produc tion speed It will pav vou to discuss vour large 
| hese range up to I9 x 1$ x 35, projec ts with your custom molder. For 
d their size is determined only by specialized assistance, fee! free to call 
e capacity of available presses. The on Durez technicians in vour area 


PHENOLIC PLASTICS THAT FIT THE JOB 
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internal combustion engines sever 
stress the piston material, and we 1 
deduce from the creep and fati; 
irves of the sintered aluminum 
the admissible working stresses un 
such conditions will be many tin 
higher for sintered aluminum than í 
Al-alloys used at present. The hig! 
strength of the sintered material wou 
permit fabrication of the pistons w 
high-strength sintered inserts pr 
duced to the desired shape by 
pressing. The blades of air compr 
sors for gas turbines could well -| 
made from this material and, quit 
generally, the existence of a heat-res 
ant light metal will offer new possibi 









tics for the design of various types « 


“x = canolddag ^" 


» » ` 
"A i Current Limiting Circuit m] 
|: "S Abstracted from "New MM Mot pre 
a Control Circuits” by E. F. Kubler, Ele: ` 
( "cri le our tronics Magazine, page 110, March, 1952 SOC 
ee THIS ARTICLE EXPLAINS IN DETAIL t} on 
" C i circuit operation of an electronic d ho 
i motor control. The type of contr lor 
n s * a 9 is used to supply rectified a-c power t no 
at= , im ortant rawin & the armature and field circuits of mí a 
t e. tors in the 3 to 5 hp range. The con id« 
= ? plete control unit regulates motor tri 
Tul" à speed at any value from zero to ar 
si J speed under any load condition | 
SU Not if you put them on Arkwright Tracing Cloth. Arkwright Thyratron tubes are the rectifiers er 
L Cloth is the best insurance you can get that your drawings ployed for feeding the motor field a 
= > X ` ; . y E armature. To prevent damaging cu: 
P" will never become brittle or opaque with age — never get paper- rent from flow ng through the arma We 
fim. frayed around the edges to spoil your work. ture rectifier tube under startin; co! 
1% 3 conditions or heavy loading, the cur 
i: Arkwright's extra quality shows right from the start. You — cut et P. 1 00 Set th 
ie Lu j , added to the speed-regulating circui 
>» can re-ink clean, razor-sharp lines on Arkwright Tracing For efficient operation this circuit mu 
c», Cloth over the heaviest erasures without feathering or “blobbing”. not interfere with the motor spe - 
- d idis "a i ji when it is operating at normal load ar 
And you can get clean, clear blueprints — if you need to — This means that the current limit cit ab 
for years and years to come. cuit must have a sharp take-over char co 
acteristic when the motor current ex 
All good reasons for you to ceeds a preset value that is selected in 



















adv ance. 
Voltage divider. R4, R3, compares 
the voltage drop across Rj, in the cur 


fri 


remember: if a drawing is worth 


Saving, put it on Arkwright 




























Tracing Cloth. Write for samples rent transformer circuit with a refer ot 
— Arkwright Finishing ence voltage set by. potentiomet: th 
P,. Current limit tube V,4 is in paralle to 
Co., Industrial Trust Bldg., with speed control tube Vs, hence V m 
Providence, R. I. shuts off the armature thyratrons under 
current limit action when it overrid 01 


V, 

Under starting conditions the cu: 
rent is regulated at a preset valuc ut 
til the counter emf is sufficiently hig 
to limit the current to a smaller leve 
With normal motor load, the gri 
of Vy, is held sufficiently negative t 
keep this tube below cutoff, and spec 
regulator tube Vg is in full contro! 
Circuit components R34 and C; filte 
the grid voltage ol Vis and stabiliz 
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A MESSAGE TO AMERICAN 


INDUSTRY * 


ONE OF A SERIES 


Where you will find 
THE REAL REVOLUTION 


"If we keep in mind the values of 
opportunity, competition, democracy, 
productivity, then it is our capitalist 
society which is the truly revolutionary 
one — the only society which offers true 
hope to the masses for release from the 
long nightmares of tyranny. It is we, 
not the Marxists with their reactionary 
ideas of the good dictator, who have the 
truly constructive, the truly revolution- 
ary ideal." 

— from "Capitalism" by David McCord Wright. 


If we can only win recognition of this truth, 
we shall win the struggle of free men against 
communism. This editorial discusses some of 
the hurdles that must be cleared. 

To win the needed recognition that “our 
capitalistic society...is the truly revolution- 
ary one,” we must keep pounding away both 
abroad and at home. That is because the 
communists simultaneously attack us on an 
international front and try to undermine us 
from within. 

The present drive to rearm ourselves and 
our allies is crucial to our self-protection on 
the international front. We must be prepared 
to meet the armed force of aggressive com- 
munism with armed force if we are to secure 
our physical freedom. 


Arms are not enough 


But to re-establish parity in arms is only 
half of the battle. In the last analysis it is 
not the more important half. To be effective, 
our arms must be backed by loyalty of men 


to our ideals. So, both abroad and at home, 
we must win men to the faith that we do have 
“the truly constructive, the truly revolution- 
ary ideal.” 

On the international front, the effort to 
win adherence to such faith in our capitalist 
society meets tough going. That arises from 
the fact that in some of the countries that are 
allied with us in the fight against communism, 
capitalist society has offered to its people no 
such ideal. In varying degrees "the values of 
opportunity, competition, democracy, pro- 
ductivity" —those key aspects of American 
capitalism—are either absent or subordinated 
in their economic life. Indeed, the Wall Street 
Journal recently remarked that “to the 
European, capitalism has become synony- 
mous with cartels—and with the disregard 
cartels foster for the consumer, the worker 
and the over-all well-being of the nation’s 
economy.” 


No Simple Solution 


Nonetheless, many European labor and 
governmental leaders sincerely believe that 
cartels are essential to their economic salva- 
tion. They believe that without such restric- 
tions in congested European markets there 
would be intolerable cut-throat competition 
and instability of employment. Thus, when 
we point out that the cartel capitalism so 
prevalent in Europe lacks the constructive 
qualities of competitive American capitalism, 
we may offend European leaders whose 
wholehearted cooperation we need in the 
fight against communism. 
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But, if we soft-pedal that contrast, we 
sacrifice the opportunity to win understand- 
ing and loyalty from millions of Europeans 
who have had no chance to learn that capi- 
talism can be the constructive and liberaliz- 
ing force that it is in the United States. In- 
deed, when many of these millions embrace 
socialism it is not because they love it. They 
are rather desperately seeking a tolerable 
middle course between what they consider 
the hateful extremes of communism and the 
undesirable aspects of capitalism as they un- 
derstand it. 


New name not the answer 


We know that there is no easy way to 
handle the problems created by such mis- 
understanding of American capitalism. 
Neither do we share the belief that much of 
the difficulty would be overcome if we were 
to call American capitalism by some other 
name. By doing that, the argument runs, we 
shall relieve it from the unpleasant conno- 
tations that are attached to the word capital- 
ism in some other parts of the world. But, 
after all, if we are to give up all the terms that 
have come to mean something else in other 
parts of the world, we must begin by ditching 
the term “democracy” which, in the official 
jargon of the Kremlin, seems to mean what 
we call dictatorship. 

In spite of the difficulties, however, we 
must stick to this job of exporting the truth 
that our capitalist system does offer oppor- 
tunity, competition and democracy. We must 
let the rest of the world see that it means a 
continuous drive for increased productivity, 
and the search for profits by increasing sales 
and consumption, not by trying to sell less 
for more. 


Export alone not enough 


The spreading of truth about American 
capitalism will not be effective if it is merely 
directed abroad. Unless it is carried on at 


home also, it will lack the driving faith that is 
essential to any convincing export of this 
type. Nor will export alone come to grips with 
the communist attack on our country from 
within—an attack that gets too much help 
from loyal Americans who short-sightedly re- 
pudiate the basic principles of our institu- 
tions in their efforts to reform some of their 
deficiencies. For success both at home and 
abroad, we must have right here at home a 
much more militant recognition that it is in 
fact our capitalist society which offers "the 
truly constructive, the truly revolutionary 
ideal." 

Here at home, too, this raises difficult com- 
plications. Businessmen who are among the 
leaders and principal practitioners of capi- 
talism, have generally been catalogued as 
conservatives. Hence, many people must 
stretch their imaginations a bit to see that 
businessmen are leaders of a development 
which has so greatly and so rapidly improved 
the lot of free men in America that it is truly 
revolutionary. 

These difficulties of definition, however, 
are relatively superficial aspects of the prob- 
lem of seeing our capitalist society clearly. 
The basic facts are that: 


American capitalism is leading free 
men to an ever higher material standard 
of living while respecting their spiritual, 
social and political freedom. 

Communism is leading its people back 
into a life of servile regimentation under 
dictatorship. 


American capitalism advances to high 
ground never before attained by free men. 
Communism retreats to ground that men 
with an appetite for freedom throughout the 
ages have sought to escape. If we can estab- 
lish this truth firmly, around the world, we 
shall no longer need to worry about com- 
munism. It will be hopelessly sunk. 


McGraw-Hill Publishing Company, Inc. 














For Large Injection- 
Molded Parts... ) 








... First, because PLexicLas has the right molding proper- 
ties for successful use in big injection presses. Note this 
large bowl for Snow Crop frozen juice dispensers. Thanks 
to the excellent flow characteristics of PLEXIGLAS, thou- 
sands of these bowls have been produced, molded to 
close tolerances at good produ: tion rates. 


. Second, because the physical properties of PLEXIGLAS 
insure fine appearance and performance in a molded part. 


s i Here, the requirements of exceptional clarity, resistance to 
LANA oan us iq chemical action, dimensional stability, and strength to 
E I. Eo n withstand sudden impact, were met by use of this Rohm 
pounds. Injection melded on 200 & Haas acrylic plastic molding powder. 

oz. Watson-Stillman machine by 


A. L. Hyde Company, Grenloch, Clear and colore PLEXIGLAS is being used for more and more 
N. J., for Oiljak Manufacturing 


Company, Montclair, N. J big moldings such as bowls, car visors, diffusers for lighting 
fixtures, and coin phonograph panels. If you want the best 


rusas i e sedens, Reg results in molding a large part, try PLEXIGLAS . . . for size. 
Oof and in princij reign ¢ es d 

Canadian Distribu y > 

Plastics, Ltd., 130 Queen's Quay at 

Street, Toronto, Ontario, Canada 


CHEMICALS Wm FOR INDUSTRY 


We'll be glad to send you our 

technical literature. on PLEXIGLAS 

technical meos» io^ | ROHM £ HAAS 

molding— and to discuss your spe- 

cific application. Write us about COMPANY 

your peohlan. WASHINGTON SQUARE, PHILADELPHIA 5, PA. 
Represeniauves in principal foreign countries 










Here's all the 
oil you need. 
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5 whenitsa RAMSEY 
7  SILENT CHAIN DRIVE 
$ ; LONGER CHAIN LIFE IS A CERTAINTY because lub- 





rication needs are so little. No fancy forced systems or oil 
reservoirs needed. A few drops of oil per day from a simple 
drip-feed oil cup is all it takes because the roller-bearing 
action of the patented Ramsey Chain Joint eliminates prac- 
tically all friction and vibration. Wear is minimized and 
lubrication is not a problem. 




















Get the whole story in the Ramsey 
Silent Chain Application Manual. It’s 
full of necessary engineering data on 
chains, sprockets and pinions. Write 
for your copy today. 
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P S SILENT CHAIN DRIVES — FLEXIBLE COUPLINGS 





IN 


! RAMSEY 


CHAIN COMPANY, INC. 


5150 BROADWAY E ALBAN Y, N. Y. 
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the operation of the current limit 
cuit. 

Since the motor voltage is measure 
on the rectifier side of normally-close 
contactor M, the speed-regulating ci: 
cuit will hold the rectifier voltage a 
the value called for by speed referen: 
potentiometer P, when the motor 
disconnected from the rectifier. | 
the motor were started with P, sc 
above base speed, the full rectifier vol 
age would be applied to the mot 
at the moment the contactor close 
Unfortunately the current limit circu 
cannot operate instantaneously becaus 
the grid of V4 is held negative by P, 
when contactor M is open and C, 
will prevent the grid of Vis fron 
reaching the operating range instantly 
This condition cannot be tolerated b: 
cause currents of destructive magni 
tude would flow for the first insta: 
after the motor is started, resulting i 
blown anode fuses. To remedy thi 
condition the rectifier voltage is auto 
matically regulated to a lower voltag: 
when contactor M is opcn, by mea: 
of the preconditioning circuit 

Preconditioning Circuit 

This circuit regulates the open-cir 
cuit rectifier voltage to a permissibl: 
value and provides good starting 
torque without harmful effects. 

A part of the armature rectifier vol: 
age, obtained from R3, and Ras i 
fed back to the grid of V,3 throug! 
Rs2 and a normally-closed interlock of 
the main contactor M. When conta 
tor M is deenergized the voltage acros 
Ras is compared with the referen 





FIG. 1 — Diagram of current limiting 
circuit. 


voltage provided by a glow tube b; 
means of resistance divider Rs and 
Rzo,. These resistors are chosen so 
that a precondition voltage of 20 t 
70 v is obtained, depending on the 
horsepower rating of the motor. Thi 
particular resistance network is stifi 
enough to prevent any interference 
from the current limit reference. 

A similar situation may occur when 
the speed is suddenly increased. If 
the motor is operating at light load, 
the grid of V, is held = negative 


by virtue of current limit reference P,, 
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the head with 
the extra sales appeal 


and 
extra production 


efficiency 


Qeocors PHILLIPS HEAD 


MACHINE AND TAPPING SCREWS 


Lamson Phillips Head Screws win hands down when it comes 

to good looks plus production efficiency. 

If you are still using common slotted head screws for external assemblies 
better take a good look at the possibility of switching to 

Phillips Head. The savings, in terms of faster, more efficient assembly and 
better looks, can more than compensate for their slightly higher price. 
Right now Lamson & Sessions can offer you quick delivery 

on Phillips Head Machine and Tapping screws in most 

popular sizes. May we quote on your requirements? 


The LAMSON & SESSIONS Co. 
1971 West 85th St. * Cleveland 2, Ohio 
Plants at Cleveland and Kent, Ohio + Birmingham + Chicago 


Check the products below that interest you; fear off bottom of ad 


and send fo us for complete information 


— 


MACHINE SCREWS |] 


Precision made for 
fast economical 
assembly. 


SQUARE AND HEX 
MACHINE SCREW 
NUTS 
Semi-finished, hot 
pressed, cold 
punched. 
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SEMS 


Pre-assembled 
lockwashers on 
tapping and mo 
chine screws 


LOCK NUTS 

Economicol, vibro- 
tion proof. Can be 
used repeatedly 


TAPPING SCREWS 
Choice of round, 
pon, truss, flat oval, 
hexagon ond phil 
lips heads 


COTTER PINS 
Steel, brass, alumi- 
num ond stainless 
steel. 


E 


| 


_ CAP SCREWS 


“1035” Hi-Tensile 


Heot-treated steel 


“1035” 

SET SCREWS 
Cup point type, 
hardened and 
heot-treated 
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If your product requires 
the valving of 


"hard-to-hand 


Leakproof valving of air... 
corrosive materials . . . slur- 
ries... solids... volatile and 
viscous substances 


HillscMcCanna Diaphragm Valves can 


many of the so-called “hard-to- 
' fluids. By employing a simple 
| principle, HillsMcCanna 


it an end to leakage, repacking 


Valves are available 

lever operated or for 

pneumatic or hydraulic 
diaphragm motors, electric 
Choice of 14 diaphragm 

19 body materials. Sizes from 
Suitable for pressures to 150 
temperatures to 180° F. (higher with 
ils). Screwed or flanged 


Write for Catalog -52, HILLS- 
McCANNA CO, 2444 W. Nelson St., 
Chicago 18, Ill 


HILLS-MCCANNA 


diaphragm valves 


provide 


the answer 


THIS SIMPLE PRINCIPLE 
ASSURES POSITIVE 
LEAK TIGHT 
VALVING 


Compressor is raised, lifting dia- 
phragm by means of a stud molded 


into the material 


Compressor and diaphragm par. 
tially lowered. Compressor design 
guides and supports diaphragm. 


Compressor presses diaphragm 
tightly against weir, pinching off 
flow and making a tight seal 


HILLS-MCCANNA 


Also Manvfacturers of Proportioning Pumps 
Force Feed Lubricators * Magnesium Alloy Castings 
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Engineering Abstracts continue 


consequently Cy» has a negative charg: 
If the speed potentiometer is sudden! 
turned to a higher speed a large i 
stantaneous current flows because C 
prevents the grid of V3 from reachin 
the operating range immediately 
Tube V, prevents the grid of V 
from drifting too far below its op 
ating range. The grid of V}, is hel 

approximately 10 v below its plate 1 Extra pro’ 
Ras and R4;. Since the cathode of | ed i 
cannot exceed this voltage, the gt 
of Vis is also held approximately 

v negative; this 10 v negative 

prevents V/,4 from interfering with t! 

normal operation Ol V 


Design of 
Gray-Iron Castings 


Abstracted from "Design of Gray-Ir 
Castings” by T. E. Eagan, Iron Age, Fel 
ruary 7, 1952 

A CASTING will be no better than 
design allows the foundry to make 
There are more gray-iron castin 
which have been overdesigned tha 


which have been propc 
1 
i 


t t 
V tO 


This is due main 
signers have not been cog 
of the characteristics of 
modern gray irons and, ther I reprot 
| 
have not used them properly. Hem Solvay 
it is recommended that the designer ' 
become more familiar with the eng Thi 
neering properties ot gray iron an 
use them to the best advantage. 
Modern foundry practice require 
that the é I moi li E be changed i 


m 


the sci ling in order cfi 

ciently and mically to produ 

Castings. are numer! 
` bal $ 1 

ous foun m still at work who ar 


willing to tackle any job. Therefore 


it becomes a matter of necessity tha 
designers take heed of this conditio 
and know the foundry and foundry 
men with whom he is dealing 


Conversely, the designer should þé 
willing to change his design to con 


form to good foundry practice so long 


as its intended functional qualities Y 


not impaired. The very fact that 
designer willingly consults with the 
foundryman precludes much troubl 
in this respect. 

Some of the things which should b 
checked with the foundryman are a 
follows: 

| General designing of the casting 

2. How the casting is to be molded 

3 Location of the parting line 

4 Accessibility for any enclos 
spaces for cleaning. 

5 Dimensional limits that must | 
held 

In cases where a great number of 
castings of one design are to be made 
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Extra protection. Autopositive reproduction Photo-lasting files. The apparatus and other en- 
ed in place of those drawings which gineering drawings for Solvay’s alkali pl 
| otherwise be exposed to constant Svracuse, Detroit, and Baton 

id tear. These inte rmediates with 


ints in 
Rouge —are pre- 
pare d by the home-office staff in Svracuse. N Y 
hotographic black lines on a durable hen Autopositive 


I : E 1 1 
paper base — produce sharp blueprints he lasting qualities of photographs, are made for 


king requirements. 


intermediates, which have 


The Solvay Process Division, Allied Chemical & Dye Corp., reports 


New speed and versatility 


in drawing reproduction 
. . . With Kodagraph Autopositive Paper 


Positive photographic intermediates 
we produced li , 
no nega 
A print deliveries spec ded Hew URN 
reproduction services provided—these are some of the advantages 


Solvay Process is realizing with Kodagraph Autopositive Paper. 


Drawing duplication simplified . . bl 
ueprint 


standard photoge: phi solutions. 


This new photographic intermediate material reproduces all types 
of drawings and documents directly. In addition, Autopositive increases 
the utility of existing print-making equipment... brings the “plus” 
features offered by photography alone to many jobs. See how it works 
tor Solvay ... see how it can work for you! 


Plant reports p-—— —Á Autopositir 


! 
interr nediates 
tail 


Costly redrafting eliminated. Old. soiled Contracts expedited. Autopositive intermediates 


Get complete details 
ngs are reproduced on Kodagraph 


ire sent to outside bidders on plant construction ont xlagraph Autopositin 
topositive Paper, which intensifies line rrojects so that the required number of blue- 
1 1 1 Paper. Write ! 
tall cleans up backgrounds . . producing prints needed for quotations can DX made I IS 1 
v-qualitv" print-making masters with- 


\ 


1 
I ) w Short ts 
ives time previously lost when insufficient quan of “Ne Cu 


jua 
istly redrafting ties of prints were supplied In 


Eastman Kodak Company, Industrial — Division, Rochester 4, N. Y. 


Gentlemen Please send me a free copy ot y 


Mr new illustr 
"New Short Cuts and Savings." 
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FORGET 


MZZ 
GA ST rotary 


Oil-less 
AIR PUMPS 
never need it! 


Above — Oil-less 
Model 1550 — 8 
to 10 C.F.M 


Right — Oil-less 
Model 3040, end 
plate removed 
From 17 to 24 
CFM 


I S 
Three things about these pumps 
are outstanding: 


FIRST — They run entirely without oil 
in the pumping chamber. Four carbon 
vanes in rotor lubricate themselves — 
through thousands of hours of opera- 
tion. Ball bearings are greased and 
sealed for life. You can forget oiling 
problems! 


SECOND — They completely elimi- 
nate oil-mist in the air delivered. 
Used for both vacuum and pressure 
they can’t contaminate your product 
or material with oil droplets. 


THIRD — They're built with tradition- 
al Gast precision — for years of high 
performance and dependability. 


IF THESE QUALITIES offer solutions 
to your original equipment problems, 
write Gast. Oil-less models from 10 
to 20 inches vacuum — 3 to 10 Ibs. 
pressure — 3.5 to 24 C.F.M. 


300 our 
CATALOG 
i 


+) tae T] 
ed 


Write for new Dota Sheet 
on Oil-less Pumps, show- 
ing 3 types and rating 
tables. 





Original Equipment Manufacturers 
for Over 25 Years 


ROTARY 


AIR MOTORS - COMPRESSORS - VACUUM PUMPS 


1O THOT WP TO 30 18% 9 78 wt 


GAST MANUFACTURING CORP., 





Hinkley St., Benton Merbor, Mick, 


~ 
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Engineering Abstracts continued 


or where a considerable expense is in- 
volved in making the patters, or where 
| the design is very intricate, it is ad 
visable to have a scale or full-size 
model made. By doing this many trou- 
bles which could be foreseen by no 
other method can be avoided. 

Castings should have sections which 
are no thicker than necessary to meet 
the required stress imposed on them. 
This is logical because the physical 
properties obtained are based upon 
the section thickness. On the other 
hand, the section thickness must not 
be so thin that the metal will not 
run through it. This latter condition 
can best be set by the foundryman who 
must gate the casting to allow the 
proper flow of metal 

All sharp angles should be avoided. 
Use gentle contours wherever possible 
Proper radii should be used in all 
ases. Too-large a radius is just as bad 
In order to avoid 
ntration, the fillet radius 
of 1 or ! the thickness is better for 


as a too-small one 


stress con 


Therefore 
some compromise usually must be 
made with the foundry-man. 

Design castings with a uniform s« 


soundness in the castings 


tion thickness. Where this is impossi- 
ble blend the sections together instead 
of making abrupt connections. How 
er be aus the inner walls co jl more 
slowly than the outer walls, they 
should be 0.7 to 0.9 of the outer-wall 
thickness, depending upon the intri 
ucy of the pattern 
Always reconsider large complicated 
astings to see if the same results could 
be obtained by joining several less com 
pli ated Se tions together 
Ribs should be employed, but only 
where they will help in reducing the 
weight or warpage of the casting 
Sometimes ribs can be culminated en- 
tirely by designing a bulge in the sec- 
tion instead of a rib. They are effective 
n compression, but not so in tension 
There is a tendency for designers to 
idd more ribs than necessary to a cast- 
ing. Many of these do not function, 
yet they add to the cost and, in many 
ises, interfere with proper molding, 
ften leading to a greater number of 
The amount of machine finish allow- 
nce varies with the analysi of the 
etal used, the design of the casting, 
ts size, the tendency to warp, and 
hining methods used In the 
of cylinders, special allowances 
| d the foundry should 
determine these 
It is desiral le that 


ontacted to 


agreement be 


made with the producing foundry on 

the machining allowances required 

Then tl llowances should be indi 
ite l on the Irawin y This acts as 
ide to the foundryman for the choice 
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LEBANON 


Ca Stings 


in Stainless 
and Special Alloys... 


with Controlled 
High Quality 





Lebanon Steel Foundry pattern 


makers study engineering designs, 
suggest improvements and plan 
jobs for production giving careful 
consideration to feed heads, rigging 
and gating. This care in prepara- 
tion can save valuable time and 
eliminate costly failures. Pattern 
making. however. is but one of 
many steps in production rigidly 
followed by Lebanon craftsmen to 
provide CIRCLE Œ) castings of 
controlled high quality. 


LEBANON STEEL FOUNDRY 


Dept. C, Lebanon, Pennsylvania 
"In the Lebanon Valley” 


LEBANON 


Steel and 
Alloy Steel 


astings 
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Fngineering Abstracts continued 


ttern needs repair « placem 
|: castings many foundrymen 
ay use certain surfaces as dirt trap 
which require rather heavy finish al- | prompt... 
owances. It should be determined 
f such practice can be tolerated eco 


nomically | direct 


A great many castings are made 
with machine reference or locating | delivery... 
pads which are usually ground to the 
proper dimensions by the foundry » 
[hese, of course, should be marked | safely into 
learly on the drawing, and the di 
mension limits clearly indicated. | 

Permanent-mold and castings made your 
by other specialized casting processes 
require special. machining allowances 
As these usually have particular re 
quirements, the foundry which is going 
to make the castings should be con 
tacted 


Treatment for Internal Stresses 


Most gray-iron castings have some 
internal stresses in them which may 
cause warping during machining. The 
higher-strength irons usually have the 
highest internal stress. Unless these 
stresses are deliberately put into th 
casting for strength-anneal 

It is not sufficient to call for a 
stress-relief anneal, because there ar 
many erroneous ideas as to what con 
stitutes a proper stress-relief-annealing 

eatment. On this subject no stand plastic moulded 
ird of recommended practices has been 
issued by the various technical socie parts dirdctly to your door, geared to your production 
ties. Therefore it is necessary that the 
innealing cycle be indicated either by schedule. Our tleet of trucks and private planes provides 
a special specification or noted on the 
drawing. As a guide the following this unique plus service which prevents shipping damage and 
rules are used by the author's com 
pany: 

1 Heat castings slowly and evenly 
at a rate not to exceed 50 F per hr 
to 1050 F. 

2 Hold at 1050 F for 1 hr per 
of heaviest section i you prefer, our plane will speed you 


Other PRP services include designing, 
oduction in small quantities, or in millions 


ne or write us about your problems 


3 Cool at a rate of not more than 
100 F per hr until a temperature of ere to see our facilities and 
500 F is reached, then air-cool 
It is well to discuss briefly some of 
the erroneous ideas about stress-re- 
lieving gray iron. Schaum has shown 
that no relief of stress occurs in cast- 
ings by storing them for 14 years out- 
doors, yet this practice is still used 


Alternate heating to 220 F and then | When you look for plastic 
cooling to 0 F does not remove stress | 


Etching the surface shows a small | mouldings, look first to 
amount of stress-relief but not enough "Y 
to be of any consequence. Schaum Plastic Research Products, 


also has shown that it takes many . 
hours to relieve stresses at temperatures MUTET Ohio 
below 950 F, yet some foundries use 

temperatures as low as 500 F. The 

way to relieve stress is to follow simi- 

lar procedure to that recommended in 

the foregoing 
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“Have Torrington 
make them, Tom! 
They have the 
know-how and the 
equipment to 
produce precision 
metal parts at a 
fraction of what we'd pay anywhere else.” 


When it comes to holding the line 
on costs—and holding strict toler- 
ances at the same time—it takes ex- 
perience and facilities. For over 56 
vears, Torrington has been making 
precision metal parts. Production 
facilities include batteries of auto- 
matic and semi-automatic machines 

many of them Torrington-designed 

and one of the finest heat-treating 
departments in the world. In addi- 
tion, we have at our disposal the 
combined experience and facilities 
of all 11 plants of The Torrington 


Company 


If you need precision metal parts 
ask us for a quotation Just send us 
a sample or blueprint and tell us 


how many you need. 


Typical Torrington -Made Parts 


THE TORRINGTON COMPANY 
Specialty Department 


554 Field Street * Torrington, Conn. 
Makers of 
TORRINGTON ///7;; BEARINGS 
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OUR 
READERS 
SAY 


Correct German Address 
l ) the Edit } 


In the article “Diesel Engine Cooled 
by Forced Air", page 150 of the 
January issue, the address of the manu 
facturer is incorrect. The location of 
the Kloeckner-Humboldt-Deutz A. G 
is Cologne, Germany. The designa 
tion “Cologne, Rhine” is incorrect 
and any inquiries that your readers may 
send to the Deutz Factory, addressed 
that way, will most probably be re 
turned by the post office. 

The Diesel Energy Corporation at 
i7 West Street, New York 6, N. Y 
is the sole representative of Kloeckner- 
Humboldt-Deutz in the United States 
Inquiries can bc addressed to this 
organization for prompt handling. 

H. W. RATHENA! 
Diesel Energy Corp 


Ed—Our German Boedeker missed on 
that one. You'll find the address cor- 
rected in the Errata section at the end 
of our Readers Say Department. 


Gears for Instrument Drives 
lo the Editor 


I read with interest the article 

Optimum Selection of Gears for Pre- 

| cision Instrument Drives” in the Janu- 

ary 1952 issue of PRODUCT ENGINEER- 
ING. 

The first thing that caught my eye 
| was the diagram of the gear-hobbing 
| machine with the dual-lead worm and 

gear. Apparently it is a composite dia- 
gram of B-C and G&E machines. 
The explanation of dual-lead worm 
gearing and proper design of accurate 
instrument worm gearing are well 
handled 

One serious error appears in the 

opening paragraph on p. 167, refer- 
ring to the matching of one to one 
bevel gears, wherein the author advo- 
cates matching the high point of run- 
out of one gear with the low point of 
| runout of its mate. This is just the 
opposite of what one should do, if 
| interested in the accurate transmission 
of motion. Such gears should be 
mounted so that the two high points 
are in mesh, and the two low points 
in mesh. This will admittedly cause 
changes in backlash in the train; how- 
| ever, the article stresses accuracy of 


COUPLINGS 


FOR POWER) TRANSMISSION 
REQUIRE NO MAINTENANCE 


Patented Flexible Disc Rings 
of special steel transmit the 
power and provide for mis- 
alignment and end float. 


Thomas Couplings have a wide 
range of speeds, horsepower 
and shaft sizes: 
'5 to 40,000 HP 
1 to 30,000 RPM 


Specialists on Couplings 
for more than 30 years 


are eliminated 
Lubrication is 


PATENTED nof required: 


FLEXIBLE 
DISCS 


THE THOMAS PRINCIPLE GUARANTEES 
PERFECT BALANCE UNDER ALL 
CONDITIONS OF MISALIGNMENT. 


NO MAINTENANCE PROBLEMS. 


ALL PARTS ARE 
SOLIDLY BOLTED TOGETHER. 


Write for the ‘atest reprint 
of our Engineering Catalog. 


THOMAS FLEXIBLE 
COUPLING CO. má 


WARREN, PENNSYLVANIA station. 
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Oilgear unit drives cable take-up 
reels. By an ingenious Oilgear 
control arrangement, all units are 
keptin perfect stepoverentire 150 


rT 


feet of Alpeth sheathing process. | 


4“ 


Oilgear fluid pd drives Yoder roll forming 
machine which ps corrugated aluminum 
sheathing aroun! ble. 


Oilgear drives synchronized to 
speed of Royle e der which covers 
cable with melt yethylene. 


Tractor capstan powered by Oilgear, which pulls cable 
through extruder, Jong cooling trough and inspection 


as: 


WESTERN ELECTRIC’S 


X 


L 


 OILGEAR FLÙID POWER 


€ Right after the war, the Bell System faced a tremendous problem because 
of the shortage of lead for sheathing telephone cable. To solve that prob- 
lem, a newly designed sheath known as Alpeth — aluminum polyethylene— 
was adopted. And the engineers had to design a machine fast that would 
apply this sheath fast—to produce this new cable by the millions of feet. 


Oilgear engineers, working with standard Oilgear Fluid Power pumps, 
motors and valves, met the need for drives that would handle the complex 
Alpeth coating machines, dependably, without trouble... and for drives 
that could be immediately, easily and economically installed . . . requiring 
minimum space, sure performers from the start. 

The first Alpeth cable sheathing machines installed by the Western 
Electric Company proved themselves and more units were installed, to 
make a total of three at the Kearny, N. J., Works and three at Hawthorne 
Works in Chicago. The Oilgear drives have performed well, without trou- 
ble, with minimum maintenance, often at high speed for 24 hours a day. 

A company like Western Electric does not buy by guesswork. Neither 


should you. THE OILGEAR COMPANY, 1571 W. Pierce Street, 
Milwaukee 4, Wisconsin. 


Oilgear 


PIONEERS IN FLUID POWER 
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ATI A Y 


etec arjo 9? d 


n 


AULA 


FOR COOLANTS 
LUBRICANTS AND 
ABRASIVE LIQUIDS 


PUMPS 


POSITIVE DISPLACEMENT 
AND 
IMPELLER TYPES 


aes 


C. STANDARDS 
OR, DIRECT 
MOTOR CÓNNECTED 


PUMPS 


DEPENDABLE, 
ECONOMICAL, EFFICIENT 


STANDARD OR SPECIAL, 
FOR EVERY MACHINE TOOL 
AND INDUSTRIAL USE 


& MANUFACTURING CO., INC. 


19664 JOHN R STREET 
DETROIT 3 MICHIGAN 


WRITE FOR CATALOG 


Our Readers Say continued 


motion transmission, rather than mini- 
mum backlash. 

In further explanation of why one 
to one gears should always be as- 
sembled with their two high points 
together, suppose we consider two 
spur gears of one to one ratio meshed 
together with their high points of 
runout in line. Then alongside of 
these spur gears assume that there are 
two pitch disks of equal size, 
mounted perfectly concentrically with 
their shafts. If we sight along 
through the spur teeth on their driv- 
ing sides, and transfer marks onto the 
periphery of each disk, and then 
measure the spacing of the marks, we 
observe that the spacing near the high 
point of runout of the gears is closer 
than the spacing 180 deg around 
where the gears mesh at their low 
point. This change in spacing is 
equivalent to a change of pitch of the 
eccentric gears, where pitch is defined 
as the distance from one tooth to the 
corresponding point of the next, along 
a true running pitch disk. Obviously 
this effective change of pitch is not 
harmful provided it is the same on 
both gears, and if the gears are prop- 
erly meshed. Also, for best results, 
both gears should runout an equal 
amount. On the other hand, if one 
of the two gears is turned 180 deg 
with respect to the other, the differ- 
ences in effective pitch between the pair 
will cause an acceleration and decelera 
tion of the driven gear for each revolu- 
tion. —GEORGE Davis 


Author's Comment 


Mr. Davis is right in saying that 
the angular transmission is aggravated 
when the high and low spots of gears 
of one to one ratio are matched. It is 
certainly better to match the high or 
low spots if angular transmission is the 
only consideration. When this is done, 
of course, backlash is worsened. 

From the observation of thousands 
of traces of composite checks of gears, 
one seldom, if ever, sees a true sinusoi- 
dal type of chart over which tooth-to- 
tooth errors are superimposed. Gener- 
ally, the sine wave is distorted by the 
conglomeration of other errors super 
imposed on it. 

It is common practice to lap miter 
bevel gears in pairs. When this pro- 
cedure is followed, the high spot is 
matched with the low spot. Sometimes 
the teeth are oriented one to the other 
to get the best feel of roll. After the 
gears are properly lapped, the engag- 
ing teeth are marked at some point so 
that in assembly the same teeth mesh 
each other. 

In the article, I pointed out that a 
gear train in which a worm drive is 


ali] 
IMPROVED 
SILICONE-BASE 
HEAT- RESISTANT 
ALIN 


Protects Stewart Warner's 
New Saf-Aire Wall Furnace 


i »cifications for this 
m nnd r3 called for a on 
s endi stand 500° and ——À 
n its color and gloss—-a - 
= ire far above that ag 
d operation. Ordinary hea 


ON 
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resistant asic tings » worked 
Ivory an 


erfectly.- "m prob- 
nc proo of 
bility under 


"ec y sla 
SICON S amaz zing ready 
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heat! New B 


icone+Base Finish is 


Bice exclusively by 


MIDLAND 


INDUSTRIAL FINISHES CO. 
Waukegan, Illinois 
ENAMELS SYNTHETICS 
LACQUERS * VARNISHES 
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lur Readers Say continued 

sed, accuracy should be concentrated 
n the worm and gear. It was stated 
iat worm gearing act as mechanical 
ilters, and that angular errors in the 
earing leading to the worms was not 
is important as those in the worm 
gearing itself. Backlash control in 
many instruments is quite often a 
major factor, because it affects the ease 
of reading scales or dials. In the gear 
train shown in the article in which 
miters were substituted for uneven 
ratio bevels, the idea was to focus at 
tention to (a) economy; (4) backlash 
elimination when desirable, although 
as Mr. Davis points out at some sac 
rifice in angular motion; (c) the fact 
that low lead angle worms should be 
used; and (4) that when this accu- 
racy is concentrated at the key points, 
such as at worms and screws, the 
gearing leading to ibese points can 
have much broader tolerance 

To focus attention to this concept, 

; well-known hobbing machine gear 
train was shown T the several: key 
points marked does not employ a 
dual lead worm pn dual lead worm 
was shown as an argument for avoid 
ing split worms to take up backlash 
By means of dual lead worms, it is pos- 
sible to obtain backlash control with- 
out affecting conjugate action. The 
particular dual lead worm shown in 
the article was used in a very special 
machine. To the best of my knowl 
edge, the Gould and Eberhart hobbing 
machines are the only ones employing 
dual lead worms, although they have 
been used elsewhere under licenses 
from the owners of patent rights. 

I am indebted to Mr. Davis for his 
constructive comments, and for the 
opportunity to amplify my statements 
regarding miter gears 

L. M. DAVISON 


From a Polish Student 


I am a student of 
chanical Faculty of the ng J 
emy in Krakow and am preparing d 
ploma work on "The Ap ES ition of 
the Grid-Controlled Rectifiers to a 
Rolling Mill Installation 

I would like to get information 
concerning this problem that has ap 
peared in American technical litera- 
ture, books and newspapers I am 
interested in the general scheme of 
the rectifier installation in application 
to rolling mill drives, its parts and 
operation ; 
rectifier installation and motor-genera- 
tor set installation with regard to 
maneuverability, starting, speed varia 
tion, braking and reversing; efficiency 
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comparison between the 


sy 
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Heater element cannot >e 
assembled to the starter in- 
correctly. 


Bi-metallic thermal over- 
load relay assembly replace- 
able without removing start- 
er from enclosure. Designed 


for separate mounting with- 


out sub-panel assembly 


TRIP-FREE Manual re set 
is standard. Manual-Au 


matic Reset available on spe- 
cial order at no extra charge. 


Two 5 pole contac- 
tors mechanically in- 
terlocked with over- 
load protection on 
common base. Un- 
wired. Note inter- 
changeability of 25 
ampere N.O. con- 
tacts and 15 ampere 
convertible N.O. or 
N.C. interlocks. 


— FOR AUTOMOTIVE 


A. C. MAGNETIC 
STARTERS 


Line Voltage Type 


With Visible Contact 
Overload Relays 


R-B-M Size 0 and l 4. 


have identical. overall panel mounting di- 


M agnetic Starters 


mensions. All parts, except stationary and 
movable contact assemblies, are common to 
both sizes. 

Ilsco solderless lugs. suitable for #6 maxi- 
mum wire size, are standard. Serew terminals 
are available on special order. Magnet coil 
can be removed without disassembling the 
starter. Stationary and movable contacts 
replaceable without disconnecting wiring. En- 
closed heater element, expanding U-shaped 
bi-metal and snap action contact mechan- 
ism provide dependable, accurate Motor Over- 
load protection. 

Small overall size, plus indentical mounting 
dimensions for 10 and 15 ampere 2 to 5 pole 

contactors, as well 

Size 0 and | non-re- 
versing starters, make 
the. R-B-M line. ex- 
tremely flexible for 
control panel lavout. 


Address Department C-4 


R-B-i M 
ESSEX 


DIVISION 
WIRE CORP. 


ogansport, Indiana 


MANUAL AND MAGNETI ELEC TRI ONTROLS 


INDUSTRIAL. COMMUNICATION AND ELECTRONIC USE 
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ord Twin Disc MTS Clutches that actuate it. 


And as 


v " Better digging 


elsewhere throughout industry 
you usually find them "put to 
work” through Twin Disc Fric- 
tion Clutches or Hydraulic 
Drives. 

There's a Twin Disc drive for 
every application—a Twin Disc 
engineer available to help on 
your design and engineering 
problems. 


For example: Goodman Manvfacturing Company's 
Tractor Tread Trucks, Conway Mucking Shovels, 
and Types 360 and 460 Loaders, are equipped 
with Twin Disc Model MTS multiple disc clutches. 
Shown above is the Tractor Tread Truck, with the 






CLUTCHES "T LETT: DRIVES 


ul D DisC ! 


TWIN DISC CLUTCH COMPAN Y, Racine, Wisconsin 


BRANCHES: CLIVELAND - DALLAS - DETROIT + LOS ANGELES - Stware - 
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Our Readers Say 





HYDRAULIC DIVISION, Rockford, Illinois 


Siw ORLEANS +- SEATTLE + TULSA 





continued 


and power consumption per ton 
rolled; installation and maintenance 
costs; utilization of the flywheel 
energy; rolling speed and maximum 
possible tonnage output from the mill; 
and influence on the power factor. 
—-HAJNOS FRANCISZEK 
Krakow, Skrytka pocztowa 235 


Poland 





Ed—Sorry, but information on grid 
controlled rectifiers for rolling mills 
is a little out of our field of interest 
We suggest you try some of our mag: 
zines that are directly concerned wi 
the iron and steel industry 


Computer 





Mixup 
l the Editi , 


Ihe article, "Organizing a Comput 
ing Center in the Engineering Depart 
ment," which appeared in the Janu 
ary issue Of PRODUCT ENGINEERING 
contained a confusing reference which 
should be cleared up 








In the article and in a photo captio 
the IBM Selective Sequence Electroni 
Calculator was referred to parenthet 
ally as the "Defense Calculator 
Actually, they are two separate and 
distinctly different machines. The 
SSEC was put into service in January 
of 1948. The Defense Calculator is 
an advanced development currently 
under way in our engineering labora 
tories. —H. T. Row! 
International Business Machines Cort 


Ed—PE apologizes for the confusion 
The Defense Calculator was an 
nounced during the preparation of this 
article and it's description as a “sele 
tive sequence electronic computer’ 
tripped PE editors into mistaking th: 
IBM Selective Sequence Electron 
ilculator for the new machine 


Suggestions for Cutting 
Ball Bearing Vibration 


I the Editor: 


In his article "Noise and Vibration 
in Ball Bearings” (PRODUCT ENGI- 
NEERING, December 1951, pp. 150 
et seq.), Mr. George H. Kendall in- 
vestigates the different sources of 
vibration and noise in ball bearing 
assemblies. After discussing the in 
fluence of misalignment of ball bear- 
ing races, loose clearance of balls, and 
damaged race ways, end shields or 
ball retainers, he turns to the influence 
of improper shoulders confining the 
races, especially flat retaining rings 
with a possible end play of from 0.005 
to 0.0170 in. 


As Mr. Kendall states, this end play 
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JUTPUT with Pheoll 
precision-made screws, bolts and nuts 
they will speed your assembly work and 
improve product appearance. 

)R PRODUCT PERFORMANCE with 
Pheoll quality screws, bolts and nuts 


standardize on these dependable indus- 
trial fasteners. 


f RIN assure 
rapid nnde ion of both standard and 
special fasteners. 


: for screws, 
bolts and nuts in different sizes, types 
and metals. 


ERN ! RY to principal cities 
from centrally-located Pheoll factory and 


warehouses. 
FACTS A v KNOW 


© One of the nation’s leading producers of in- 
dustrial fasteners 
© Pheoll products are widely used in part as 
sembly when quality is of prime importance 
€ Men who produce Pheoll industrial fasteners 
are highly trained and experienced craftsmen 
All products are manufactured under rigid 
quality control standards 
Constant product inspection 
from laboratory metal analy 
sis, through production and 
final finish is your assurance 
of precision made, trouble- 
free screws, bolts and nuts. 


Write for this free Bulletin 


2 


bd 
SCREWS è BOLTS © NUTS 


Our Readers Say continued 


the result of the assembly of com- 
ponents which are “at the extremes of 
their dimensional tolerances”. From 
this one has to conclude that the often 
proposed precision grinding of retain- 
ing rings does not solve this problem 
because the tolerance of ring thickness 
is only one part of possible end play 
and not even the principal part. The 
main part of end play equals the 
maximum variation of length of ma- 
chine part plus maximum variation of 
distance of outer groove wall from 
the inner abutting shoulder of shaft 
or housing 

To solve this problem of end play 
in retaining ring assemblies, Waldes 
Ohinoor, Inc. has developed thc 
Waldes Truarc Beveled retaining ring. 
The groove-engaging edge of this ring 


is tapered or beveled under a small 


angle (about 15 deg) and abuts 
against an outer groove wall that is 
tapered at the same angle. With a 
load on the ring, the tapered edge acts 
like a wedge so that the ring, ex- 
panding or contracting more deeply 
into the groove, is shifted to a cer- 
tain degree in the axial direction 
until it abuts against the machine part, 
thus bridging end play rigidly. 

For smaller sizes of shaft or hous 
ing (under 1 in.), the maximal pos 
sible take-up of such beveled ring 
in a beveled groove is not large 
enough for the maximal possible sum 
of tolerances in length of machine part, 
groove location, and ring thickness 
On the other hand, in such smaller 
ring assemblies, the axially directed 
forces of thrusts, impacts, or vibrations 
we relatively moderate. To deal with 
end play in these cases, the Waldes 
Truarc Bowed retaining ring was in 
troduced. This ring is bent out of its 
plane around its horizontal center line 
and acts as a floating spring taking up 
end play resiliently and damping 
vibrations (cp. the article “Which 
Stamped Retaining Ring?” in PROD 
UCT ENGINEERING of February 1950, 
pp 124 et seq.) 


Both Waldes Beveled and 


Bearing 
spacing 


d.n —t 





9» Wh th 
f en e 


AXLE counts eee 


SPECIFY 


CARAVAN/ 


United CARAVAN axles provide 
dependable mobility for al! types 
of portable equipment. These ver 
satile units can be used on com 
pressors, fire-fighting apporatus 
pumps, concrete mixers, welders 
generators, etc. os well os mony 
types of militory equipment 
CARAVAN axles can be furnished 
in two-wheel single axle ossem 
blies and as four-wheel running 
geor equipped with automotive 
type steering mechanisms 
Straight and drop axle type con 
struction is available 

CARAVAN axles ore engineered 
to assure smooth movement over 
high grade surfoces and maxi 
mum rocdability over rough ter 
rain. Controlled camber, toe-in 
ond caster provide positive trai! 
regardless of speed or road con 
ditions 

Write today for 12-page illustrat 
ed Catalog No. 101 containing 
specifications on the complete line 
of CARAVAN oxles and 
describing automatic 
surge-control braking 

device, retractable 
third-wheel assembly 

ond other CARAVAN 
occessories 


The UNITED 


MANUFACTURING CO. 
221 W. Interstate St * Bedford, Ohio 
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There’s a new “beat” 
in this eagle’s heart 


\ versatile aircraft engine with reserve power for quick 
take-offs, military hedge-hopping, more lift! Geared for 
smoother operation: “opposed” design for practical 
compactness; supercharged for greater power; the only 
100-horsepower air-cooled engine being produced! 
hat's the unique power plant now available through 


Lycoming research and precision production 


Whether vou require air-cooled power [or aircraft or Lycoming precision 
ground applications— or whether your need is precision production gives 


machining, product development, or high-volume extra power for 
production—Lycoming offers extensive facilities and 


: eak performance. 
well-rounded experience. Long famous for its aircraft P P 


engines. Lycoming also meets the most exacting 
and diverse requirements in many fields, both 


military and industrial. 


our problem—look to Lycoming! 


R AIRCRAFT AND INDUSTRIAL USE + PRECISION-AND-VOLUME-MACHINE PARTS . RAY-IRON CASTIN 


leoi | a 


LOOK TO 
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Our Readers Say continue 


Bowed retaining rings have been su 
essfully applied in many cases « 
machine assemblies with high rot 
tional speed. Fig. 1 and 2 show, 
one among many examples, a dri 
press spindle arrangement. Fig. 1 tl 


wc standard 


external ring 


y 


Truorc bowed 


nternol r ng 


Oo Jruarc beveled 


n'erna n 
ernol r g 


Truore 


nver ted 
external 


ring 


y 


old way, Fig. 2 the new way. Fo 
locating the outer race of the mai 
ball bearing there is an interna 
Waldes Truarc Beveled ring applied 
in a correspondingly beveled groove 
Furthermore, for locating the outer 
race of the spindle bearing, an interna 
Waldes Truarc Bowed ring is en 
ployed. Both rings eliminated the end 
play which otherwise would be ut 
avoidable. 

Further information about Waldes 
Truarc Bowed and Beveled retaining 
rings is available in our Bulletin No 
6 —H. HEINMANN 

Waldes Kohinoor, In 
Ed— Space requirements made it neces 
sary to separate the above figures 
However it is interesting to note that 
the bearing space is the same in botl 
methods. 


Reprint Permission 
lo the Editor. 


I am writing an article on. plasti 
printing plates and would like " 
mission to use the table included in 
the article "New Rubber-Phenolic Ma 
terials for Greater. Impact Strength" 
which appeared in the January 1951 
issue of PRODUCT ENGINEERING 

AXEL LUNDBYI 
Kable Printing C 
Ed—We're pleased to grant this per 
mission. We would appreciate a credit 
line to PRODUCT ENGINEERING for this 
material. 


Polyisobutylene Adhesives 
To the Editor 


I wonder if you could give me some 
information regarding the polyiso 
butylene adhesive that was mentioned 
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..- TRY C-D-F CELORON 


Light weight: V2 weight € Noisy clashing gears mean loss of efficiency 
of Al, 1/7 weight of design. weakness — maintenance trouble spots 


brass. Lighter, more that's why designers "build in" gear reliability with 
modern gears for mod- 


C-D-F Celoron gears. 
ern machines. 

Silent Celoron is the hi-strength, non-metallic 
thermosetting plastic gear stock that is standard 


Easy to Machine—use for automotive timing gears, textile machinery, 
a hobber, milling ma- 
chine or gear cutter. 
Machines fast — save 


printing presses and thousands of othtr uses. 


Your C-D-F sales engineer is a good man to 
money on every blank 


know (offices in principal cities). Consult with him 
cut! 


on your gear problems. He'll save your time and 
money. Call him today. 


Tensile strength of 
10,000 Ibs. per inch— e ° , 
yet has resilience. Re- nal Lamona, 
sists corrosive chemicals. 

GENERAL OFFICES 


NEWARK 40, DELAWARE 
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There are numerous reasons why 
machinery and equipment makers 
are standardizing on Winsmith 
Speed Reducers on such a large 
scale. The fact that Winsmith is 


Fod 





the most complete, standardized 
line available from stock (1/100 to 
85 hp) is hardly sufficient in itself 


Tested Winsmith performance 
. assuring quiet, smooth opera- 
tion; long operating life; minimum 
maintenance ... that’s what really 
counts with design engineers. 


And that performance-testing is 
three-fold .. . it's the Triple Check 
that every Winsmith reducer .un- 
dergoes: (1) All components are first 
rigidly checked for accuracy and 
finish before assembly. 
set stages in assembly, complete 
conformity to specifications, precise 
adjustment of bearings, accurate 
centering of gears and perfect tooth 
contact are all closely checked. 


(3) Each completed unit is run-in 


under load and carefully checked 
for rated performance. 


Information in “Save Through 
Standardization” folder. Write. 


Winsmith, Inc. 


(2) During 
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Our Readers Say continue 
on page 122 of your May 1951 iss 
Can this type of adhesive be used : 
cement Teflon to Steel? What is tl 
maximum service temperature of th 
adhesive? Where can it be purchas 
in the San Francisco bay arca, or mo 
specifically, where in San Jose? 
WILLIAM A. GRA 
Owens-Corning Fiberglas Cor 


Ed—The polyisobutylene adhesive 
question cannot be used to cemer 
Teflon to steel. According to informa 
tion we have, there is no adhesive tha 
will give a good mechanical bond or 
Teflon. The maximum service ten 
perature for this adhesive is 150 1] 
As to the procurement of the spe 
adhesive, we can't give you the addres 
of a specific supplier in the area yo 
mentioned but we suggest that you gi 
in touch with the Standard Oil Co 
California. Also the Advance S 
vents and Chemical Corp., Coles a 
18th Street, Jersey City, New Jers 
are suppliers of some of the bas 
materials used in this 
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ERRATA 


Oct., 1951 Page 126. Hou Tack 
Materials Substitution. The 

for example, the specifications 
on low temperature impact propertic 
of armor plate for the tank program 
requires the use of stecls with nick: 
content of four- to five-hundred pe: 
cent greater than during the las 
war..." is incorrect. Low alloy ste 
compositions developed for armor dur 
ing World War II are being used t 
day with few modifications 


statement 


Dec., 1951 Page 222. Lamina 
Washer of Metal and Neoprene. Set 
tence Neoprene compositio: 
ranges in thickness from 1/16 in. to ! 
in., as specified. should read 

Neoprene composition ranges it 
thickness from 1/16 in. to t} in., 
specified. . ." 


PERNS 


Feb., 1952 Page 242. Surface Tempera 
rures Accurately Checked. Th 
Phaostron Company was incorrectly 
listed as the supplier of this thermom 
eter. Correct supplier is the Pacifi 
Transducer Company, 11921 We 
Pico Blvd, Los Angeles 64, California 


Jan., 1952 Page 150. Diesel Engin 
Cooled by Forced Air. Cologne 
Rhine is an incorrect address fo: 
Kloeckner-Humboldt Deutz A. G. Th: 
correct address is Cologne, Germany 
Inquiries may be sent in the United 
States to the Diesel Energy Corpora 
tion, 47 West Street New York 

New York. 
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customer — 
conscious... 


You are treated like a customer when 
you deal with The Bunting Brass & 
Bronze Company. It is a tradition in 
the Bunting organization to consider 
the good will of the customer as the 
most important factor in the transac- 
tion. Bunting customers find that 
Bunting resourcefulness no less than 


Bunting products, is made available 


when needed . . . Ask any Bunting 


customer. 


laine RAE ARCET EE ER TENERE 1 S MERE ea ai on ES, 
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44/ ONAN, 


STEP UP PERFORMANCE of your 
engine-driven equipment with this 
rugged, lightweight prime mover. The 
Onan 10 HP Twin-Cylinder "CK" en- 
gine is inherently smooth-running, 
delivers vibration-free power at all 
speeds Alternate-firing, air-cooled 
Built for long, heavy-duty service 

with oversize bearings and rugged con- 
struction throughout. Unusually com- 


pact, to simplify installation 


CA Features 


OPPOSED DESIGN: Lighter weight; 
vibrationless performance. 

OVER-SIZE BEARINGS: Extra-large 
bearing area assures longer life. 
PRESSURE LUBRICATION: Positive oil 
supply to all bearings. 

SHORT, RIGID CRANKSHAFT: Fully 
counterweighted. 

AXIAL FLOW COOLING FAN: Forces 
gir over and around cylinders for moxi- 
mum efficiency. 


COMPACT: Fits into 2.9 cubic-foot space. 


No other heavy-duty, 4-cycle engine matches 














f. 
* 
————— 
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“CK” performance in installations like these! 












Kalamazoo Rail Cor —The "Ck M-E Tiller— Out-performs ony till- Thermo-King Truck Relrigeretion 
pen weight for easy handling ing unit of similar horse-power. nor _lightwei ght, smooth running 
ns sm hiy of cil speeds Smooth-runn ng, powerful, is ideal for this installation 


Write for Specifications 
D. W. ONAN & SONS INC. 


orm 






MINNEAPOLIS 14, MINN. 
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NEW BOOKS 


Production Control 





PauL D. O'DONNELL, assistant 

fessor of Ini dustrial mi nagement, Í 
ton College. 304 pp. 54 x 84m. | 
led br Poutia Hall, be: 4 0 I 
Ave Neu Y rk 12. N. T. ^ 


A basic text for those who des: 
acquire an elementary knowledge 
production control. The content 
been simplified as much as possil 
highly technical and specialized ap; 
cations within the arca of product 
control are purposely omitted. T' 
subject matter is thus limited to enal 
the reader to master the fundamen: 
without being confused by the dist: 
tions of advanced problems. 

The discussion is based upon t 
idea that there is no standard prod 
tion control procedure. The autho 
premise is tha: there is a. correct 
duction control procedure for ea 
company depending on whether it 
a continuous process company, a 
company, or some combination of tl 
two; the size of the company; 
product being manufactured; and t 
capabilities of the people in the co 
pany. 

General consideration is given 
the various phases of production cor 
trol, which are applied to continuo 
process companies and to job comp 
nies. To indicate the effect of speci 
factors that determine the correct pr 
cedure, cases are inc luded to sh 
the procedures and problems of va 
ous companies. 

Included in the content of the bo: 
are chapters — to: Producti 
forecasting, produ development 
plant layout, m eaii handling, cor 
trol of materials, routing, schedulin 
— follow up, quality cor 
trol, statistical quality control, and co 
dei 


Buckling Strength of 
Metal Structures 





FRIEDRICH BLEICH, Consulting En 
veer, with COMMANDER LYLE B. RAM 
sEv, USN ; edited by HANS H. BLEICH 
{ssaciate Professor of Civil Engine 
1112, Ce lt mbia Unit ers7iry. 198 pave 
6x9 in. Published by McGraw-H 
Book Co., 330 W. 42nd St. N 
York 36, N. Y. $10 

An urgent need for dependable 
data on the behavior of fabrica 
steel structures under compressio: 
loading prompted the preparation of 
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Books continued 
book. Intended for use by 
rcher workers, and engineers actu- 
y at work on the design of steel 
ictures and ships, it is an advanced 
that includes considerable orig- 
i|. work never 
Buckling problems present an en 
ly new aspect the investigation of 


before published. 


potential unstable equilibrium be 
een the external loading and t 
ternal response of the structure. In 
idition, the buckling phenomenon in 
eneral is controlled by the entire 
omplex stress-strain relationship of 
material under consideration 
Problems associated with columns 
ire presented in four chapters: Buck- 
ig of centrally or eccentrically loaded 
olumns; Buckling of centrally loaded 
olumns by torsion and flexture; 
Built-up columns and columns of 
variable stiffness; and Local buckling 
plate elements of columns 
Structure stability is 


he 


COvcr( | 
ithematical 
problems and 
the Stability of fram: 


lapters on the mé 
nent ol 


stability ct 


stability 
iteria ; 
ixially 
S ipport ed 
chapter 


the Stability of 
rs elastically 
points Another 


balasi abe c alat 
the stability of web plates 


problems in 

h p plating coni lu le t 
Thr roughout its 

esents useful 
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contents 
methods 


based on study of all availabl 


subjects. It is complet 
1 ! P " 
plicable methods, formulas, tabl 
raphs. Some simplified approximate 
i t 1 ; 
formulas have been nm | and 
presented in print for the first 


are 


Principles of 
Quantum Mechanics 


WILLIAM V. Houston, The Rice In- 
International Series in Pure 

é i li 263 pł x O 1n. 

ublished by McGraw-Hill Book C 

Inc., 330 W. 42 St., Neu T 

N. Y., $6 


The object of - new text is to 
icquaint thes tudent with a formula- 
tion of quantum inimi such that 
he can make applications for himself 
and can understand published work 
He is assumed to have acquired a good 
working knowledge of elementary 
mathematical physics and to have some 
acquaintance with the 
isually 
of "electron physic s. 

The book contains a deductive pres- 
entation of the wave me dub S onn 
of quantum mechanics | 
enable the student to Sr remit 
basic principled involved 


phenomena 
included under the heading 


which 
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AMEZ 


CASTINGS 


(pri? 


HERE’S WHY. 


centrifugally cast 


. Shenango 
parts offer 
many inherent advantages that 
can help you avoid trouble and 


save time and money. 


For example, due to the cen- 
trifugal casting action, you get a 
more uniform, pressure-dense 
metal, free from sand inclusions, 
blow holes and other often- 
hidden defects. You get higher 
strength, greater wear resistance, 


better elongation— longer lasting 


KEY TO SAVINGS 


WITH SHENANGO 
CENTRIFUGALLY CAST PARTS 


better able to withstand 


y kind 


parts, 


severe service of a» 


So if your plans call for sym- 


metrical shapes, anywhere from 
tiny bushings to huge rolls, fer 
rous or non-ferrous, rough ot 
finished, check with Shenango 
Company after company finds 

a good way to do a better job a 


low er cost. 


SHENANGO-PENN MOLD COMPANY 


Centrifugol Castings Division 


Dover, onis 


p 
Off 


ALL RED BRONZES + MANGANESE BRONZES + ALUMINUM BRONZES 


MONEL METAL * 


NI-RESIST - MEEHANITE METAL 
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MOTORS 


FOR 
CAMPBELL 
PRODUCTS CO. 


EMC and CYCLOHM Fractional H.P. Motors 


Universal and Direct Current 1/1000 to 1/2 h.p. 


Shaded Pole 1/2000 to 1/15 h.p. « Induction 1/1400 to 1/4 h.p. 


That smooth, creamy warm lather that your barber uses when 
you get a haircut is usually delivered by a Campbell Lather 
King Electric Latherizer. 

Efficient, compact, built for years of trouble-free service, the 
Latherizer requires a motor with perfect shaft alignment and 
extremely dependable service. Campbell engineers picked a 
winner when they chose EMC Model 11A rated 1/45 to 1/30 
h.p. Millions of these motors are in use powering applications 
of all types. 

EMC Universal, Direct Current and Shaded Pole Motors and 
CYCLOHM Induction Motors are used by Campbell Products 
Co. and other leading manufacturers for more than 500 
applications—cameras, communications equipment, sewing 
machines, vending machines, adding machines, portable power 
tools, aircraft and scores of defense applications. 

Write today for our new catalog. Be sure to check with us 
on your fractional h.p. motor requirements. ee 

E 


ey Bid States 
Drees beue 


HOWARD 


DEPT.PE3* HOWARD INDUSTRIES, INC. * RACINE, WISCONSIN 
DIVISIONS: EMG evectric MOTOR CORP. Cero MOTOR CORP. 


New Books continue 


a general outline of the basic the 
development from two fundament 
postulates followed by a series of 
lustrative applications. These appli 
tions give an introduction to the var 
ous fields to which nonrelativist 
quantum mechanics can be appl € 
Mastery of the material in the bo 
will enable the student to read 
search papers and to apply the theo: 
imselt to appropriate problems 

Presentation has been confined 
the Schroedinger wave mechanics, a 
though passing reference ts made 
other forms ol quantum mechani 
Emphasis is placed on methods whi 
are useful in each of the further field 
of application. 

A more extensive treatment of spe 
troscopy and electrons in solids is o! 
fered than is usually given in sud 
books. Furthermore, a brief account o! 
quantum statistical mechanics is in 
cluded. The treatment is practical i: 
the sense that it suggests practical 
methods for treating the theory of 
itomic, molecular and solid structure 

Numerous problems are attached to 
each chapter which not only illustrate 


but develop the subject matter further 


Strength of Materials 


Rerised by E. K. HANKIN, Coordina 

r, Murrell Dobbins Vocationa 
School, Philade phia, Pa. Eigbti ft 
vised edition. 148 Í ages, 53x 81 
Published by / / n I ey Ane hs n 
Inc., 440 Fourth Ave., New York, 
\ Y. and Chapman and Hall, Ltd 
London. Hard Cover. $2.24. 


wows 


1} 


In revising Merriman's Strength of 
Materials, the author has written an 
elementary textbook and gives all the 
practical aspects of material qualif- 
cation and structural shape without be- 
coming involved in complicated the- 
oretical analysis. The highest form of 
mathematics used is algebra. 

Where the meaning and derivation 
of the moment of inertia is explained 
ind algebraic analysis and approxima 
tion for a rectangular section is offered, 
reference is made to the more accurate 
alculus method with a chart that gives 
the values for several more complicated 
sections. 

Chapter I briefly reviews the rea 
ons for considering the shape and 
application of a structural member as 
well as the properties from which the 
member is nd Chapter 2 defines 
the properties of materials and ex- 
plains the reactions of solid bodies to 
external forces 

Tensile, compressive and bending 


loads are covered in Chapters 3 to 7 
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15 DIMENSIONS 


He checks 8 RADII 


7 ANGLES 


To check this part completely and accurately by usual 
methods, you might need as many as two dozen or 
more different gages—and you still wouldn't be sure 
all corners were sharp, all angles and radii exact. 
There's a much faster, more accurate way to do the job 
completely, one that requires no mechanical gages that 
can lose accuracy through wear. 

On the Kodak Contour Projector, Model 3, you just 
slip the part into a holding fixture and compare its 
magnified image with a "'chart-gage" over the bright 
screen. Every detail shown on the drawing is quickly 
and directly compared against the part itself, to close 
tolerances and in one operation. Little training or ex- 
perience is required. 

The part we show here is a relatively simple one for 
an optical comparator. With proper fixtures, charts, 


the KODAK CONTOUR PROJECTOR 


in ONE operation 


and accessories, you can measure all sorts of complex 
parts, large or small. Changes in specifications gen- 
erally require nothing more than a corresponding 
change on the chart. 

So overwhelmingly has industry turned to optical 
gaging that production of the Kodak Contour Pro- 
jector, Model 3, the outstanding instrument for this 
method, has been greatly accelerated. Deliveries are 
rapid, and the cost of projector, fixture, chart-gages, 
and accessories usually comes below corresponding 
sets of mechanical gages. To get an idea of the large 
labor savings that the Kodak Contour Projector can 
bring to your inspection problems, 
get in touch with Eastman Kodak 
Company, Industrial Optical Sales 
Division, Rochester 4, N. Y. 


If you want to check precision spur and belical gears in action, 
write for information about Kodak Conju-Gage Instrumentation. 
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WHAT ARE your INDIVIDUAL 
NEEDS FOR À 


HEAT EXCHANGER 
COOLER or CHILLER 


a ? 
aM gant wa e 
wW 


for heating or cooling... 


WATER- HYDRAULIC OILS- LUBRICATING OILS 
COOLANTS - CUTTING OILS - OTHER LIQUIDS 


Our engineering department will gladly assist 
you, just as it has numerous other organizations, 
in design and selection of proper exchanger for 
your particular requirements. 


A heat exchanger specialist from the factory is 
immediately available. Just call Providence, R. I., 
GAspee 1-2600, wire or write. 


New Books... continued 


with many force and sheer diagram 
to illustrate the methods of analyzing 
the various conditions. In this section 
the moment of inertia and location of 
a center of gravity are explained. 

Chapter 8 includes illustrations of 
strength of material quantities to such 
miscellaneous applications as pressure 
in cylindrical sections, riveted and 
welded joints, bolts and machine 
screws and shaft couplings. 

Structural qualities of compound 
members such as reinforced concrete 
and "flitched" beams are given in 
Chapter 9. Chapter 10 is on combined 
stresses and Chapter 11 discusses the 
resilience of materials. 

Appendix A gives a general descrip 
tion of the various industrial materials 
in paragraph form and in Appendix B 
the actual structural values are tabu 
lated. 

Each article and chapter in the book 
is followed by a short section of per 
tinent questions and problems. An in- 
dex is included for alphabetical ref- 
erence to many of the important points 
mentioned in the book 


Television Engineering 


DONALD G. FINK, Ed;tor, Electronics, 
Second edition, 721 pp, 6x9 in. Pub 
lished by McGraw-Hill Book Co., Inc 

330 W. 42 St., New York, 36, N. Y., 
$8.50. 

For technical workers who want to 
add familiarity with television engi- 
neering to their knowledge of radio 
engineering—for readers who want 
adequate self-training material for en 
gineering jobs in television broadcast 
ing and manufacturing plants—for col 
lege and technical institute students 
in this field—this book meets the 
need for grounding in the engineering 
and technical fundamentals of tele 
vision 

The whole television process, from 
studio to receivers ts covered. Aspects 
peculiar to television technology, such 
as scanning and waveform analysis, 
illumination and colorimetry, and 
camera tubes and picture tubes, are 
treated in detail, starting from first 
principles. 

The principles of qu of tel 
vision systems, in black-and-white and 
color, are covered, and the book de 
scribes in detail the design, operation, 
and use of television equipment. In 
addition to the explanations of basi 
principles and theory, practical work- 
ing diagrams are given, complete with 
all values of parts, tube types, etc., 
for all functional elements of the tele 
vision system, including studio and 
field cameras and associated equipment, 
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may be realized by installing a low-cost Yoder 
Cold-Roll-Forming, Electric-Weld Tube Mill. Cold 
or hot rolled strip is fed continuously into the 
mill, coming out as finished pipe or tubing, auto- 
matically cut to length 


Yoder mills are notable for their low first cost, 
high speed, low labor and maintenance cost. They 
offer not only the highest production per dollar 
of investment, but for most requirements also 
the lowest conversion cost per ton, in making sizes 


sf 


, iaJ? do 
from 1⁄4 up to 30 diameter. 


Through recent exclusive Yoder developments, 


n 


higher production is now obtainable than ever 
before. For sizes up to 3” dia., speeds up to 250 
fpm are obtainable with a Yoder-Tocco induction 
welder incorporated in a Yoder mill 

For making the largest sizes, when tonnage require- 
ments are not too high, the initial investment 
may be greatly reduced with a Yoder Press-forming 
Arc-weld mill. 

Yoder offers you the widest choice of mills of proven 
performance. Over 150 Yoder Pipe and Tube Mills 
are now in successful operation all over the world 


Literature and further information on request 


THE YODER COMPANY «© 5522 Walworth Ave., Cleveland 2, Ohio 


Complete Production Lines 


* COLD-ROLL-FORMING and auxiliary machinery 
* GANG SLITTING LINES for Coils and Sheets 


TUBE MILLS- cold forming and welding 


A. s 
SO dee 


ee C A ai Ngee z 
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Can you 
reduce costs 
with a 
smaller 
bearing 
having the 


same capacity? 


Many have — with substantial sav- 
ings in money and materials. Smaller 
housings and surrounding machine 
members are often possible because 
of the greater load capacity Guiderol® bearings carry in a smaller radial 
bearing space. Over 38% greater than the next highest rated bearing 
that is dimensionally interchangeable. Not to be overlooked also is the 
fact that precision performance, without roller skewing, of a Guiderol 
bearing is in direct proportion to its com- 

parable load carrying capacity. 


Him fi 
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‘Rollers Roll More Load 








New Books.. continue 


relay equipment and transmitters, a: 
home receivers. 

Two chapters on color tele 
cluding description of six systems, à 
part of the hundreds of pages of n: 
and fully rewritten material in tl 
edition. Intercarrier sound receptio 
distributed amplification, stagger tu 
ing of i-f amplifiers, the keyed clan 
circuit, tonal gradation correction an 
plifiers, and u-h-f and s-h-f transm 
sion equipment, are among the mar 
recent developments covered in tl 
book. 


Receiver Circuitry and 
Operation 


ALFRED A. GHIRARDI avd J]. RICHAI 
JOHNSON. 669 pages, 6x9 in. Pul 
lished by Rinehart Books, Inc., 23 
Madison Ave., New York 16, N. ) 
$6. 


This book is a basic coverage o 
modern television and radio systen 
and receivers. The treatment is pra 
tical, written for the radio servi 
technician, the student, and the radi 
experimenter, and the coverage i 
cludes the latest developments in cir 
cuits, antennas, materials of constru 
tion, principles of operation and 
explanafions of the AM, FM, a: 
TV forms of transmission. Because o! 
their importance in the servicing a: 
other fields, modern recorders, recor 
changers, and pickup devices are al: 
thoroughly discussed, with informa 
tion on new magnetic recording 
vices. 

All types of circuits now in use 
home receiver installations are ex 
plained, up to and including the latest 
designs. Throughout the book, the 
treatment is nonmathematical and 
couched in terms familiar to all radio 
men. A glossary of terms at the end 
of the text provides the beginning 
radioman or student with immediat 
clarification of words or expressions 


How To Supervise People 


ALFRED M. Cooper, Desert Cente 
California. Third edition, 254 | 
5x7 in. Published by McGraw-H 
Book Co., Inc., 330 W. 42 St., Ne 
York 36, N. Y., $3.75. 


This book gives practical hints f. 
the present day supervisor in an eas 
reading, fast moving style. It cover 
all the typical jobs and problems « 
hiring, discipline, preventing accident 
promoting teamwork, training work 
ers, delegating authority, labor rcl 


tions, etc. It makes plain helpful tec! 1 
niques for handling them, wi! 
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ELECTRO DYNAMIC 


—] 


E. over 70 years extra strength and stamina have been 
bred into Electro Dynamic motors to fulfill the most 
exacting demands of industry. 


To give added years of dependable. low-cost operation, 
special skills and superior insulating materials are used 
to toughen the WINDINGS....“‘the heart of the motor.” 
E s has learned 


The frames and housings are of rugged cast construction : 
gineers 


x 
LM 
i ` i 1880 
You'll find an E. D. motor for every requirement. All 8 PES MS a”. 
standard enclosures . .. | to 250 h.p. Write today for ‘umm 5 EC ) DYNAMIC 
illustrated literature. | buil great motors 


E. D. also makes a complete line of Direct Current 


for rigidity and resistance to corrosion. 


Motors and Generators. Literature on request 


ELECTRO DYNAMIC * Division of Electric Boot Company * Bayonne, New Jersey 
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M Zo« USE 
THESE UNITS 


... QR THE SKILL THAT BUILT THEM 
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filis IV i 


ie nni .? 


IVL EN ES OF 


n 








NOTE WIDE RANGE VERSATILITY APPARENT 
IN LARGE AND SMALL KETTLES SHOWN 


€ Do your productions man or ofhce 
processing machinery ir 
Monel, Everdur, Inconel? 


Sanitation in the units. 


call for pressure kettles or 
Stainless Steel, Nickel, 

Do they require strict 
.. high speed heating 











These gı 


supe rvisor 


affects the supervisor, 
program for employee participation 
management and other ca 
have been added 


contun 


examples of typical problems and sj 
cific solutions now being used in ge 


In this latest edition, the book 
been largely rewritten to bring it 
line with todays conditions. A 
cussion of the Taft-Hartley law 
an outline ot 


I 
se examp 
I 


the f. 


Answers 


; those problems which he will hay 
brs) solve this year Or next year 
< 


Inn 


super-efficient mixing, blending, homogenizing ? 








A chapter of questions for 


discussion IS in luded at the et 
@ If so, count on GROEN for com- J the book. This can be used as 
petent counsel, proficient engineering, & basis of a confcrence uning c 


fast production. Building such units, 


large and small, has been our 
specialty for 50 years. That is 
why we've become today's 
largest producers of such 
equipment... with ample facil- 
ities, experience and financial 
solidarity to handle your re- 
quirements promptly and effici- 
ently. And we're prepared to 
work to your roughest specifi- 
cations or to create special 
units to solve your individual 
problem. 


®@ So, if components of equip- 
ment on your ‘Defense orders 
or regular production require 
equipment in this category, call 
confidently on GROEN. Write 
our Engineering Dept. now 
about your present or antici- 


TABLE TYPE VACUUM 
TILTING KETTLE. A typi- 
example of GROEN 


cal 








engineering. Supplied as 
autoclave and or equipped 
with various types of agita- 


tors 


200 GAL. TWIN SHAFT 
MIXING KETTLE. Sani- 


| tary, heavy duty type. Agi- 


tator assembly removable in 
a few seconds for cleaning. 
Twin shaft principle deve- 
lops maximum mixing effi- 
ciency. 














































pated requirements. lacquer deposition, and manufact 
ho ls 
The material on corrosion inclu 
GROEN MFG. CO. a comparison of the corrosion res 
4535 W. Armitage Ave. ince of several commonly used 
CHICAGO 39 | 


30 Church Street 











for superviso 


I 


Performance of 
Lubricating Oils 


H. H. ZUIDEMA, S/ Ou 
earch Lab 179 pt 6x9 


This book treats the subj 


cating oils from the point of 


t of lul 
View 


performan e rather than specific ap 


cations. Discussion includes separ 
chapters on the following: the rl 
ology, oxidation, corrosion, emulsii 


cation and foaming, wear, sludge 


terials as well as the basic mechani 


of the three types of corrosion ; 


New York 7 


7 Front Street 
San Francisco 11 














ILLUSTRATION 














SHOWS ALL 
AGITATOR the process of 
PARTS 

DISASSEMBLED final product 


Each chapter 


C ussed. 


| 
| 24th Edition, 


| 
| 
| $5.88. 
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STAINLESS STEEL STEAM JACKETED KETTLES 


of the different 


Publi hed by Ke 


manufacturing O1ls 


in tl 


882 
iP , 


H) 


, 
fid 


sulfur, and aqueous acids 


Ul 


Register of British 
Manufacturers, 1951-1952 


h +0 
Hace 


ter on manufacturing methods poi: 


out the effects of the various steps 


] 


the pe rformance characteristics of 


l 


91 x 71 


SE 1, Engla 


] he ch M 


book is supp! 
mentéd with a comprehensive biblio 
raphy to facilitate a more detailed stud 
factors that are d 







Dire 1 rié f LL 
and Iliffe and Sons Ltd, Dorset Hou 
Stamford St., L 


This is the authorized directory « 
the Federation of British Industrie 
the largest association of British man 
facturers, and is recognized as a stan 
ard export reference book to Britis 





Propuct ENGINEERING — ApRIL, 195 


continued 


ICK-rererence il En | 
panish The volumi 
ntial 


al CTOSS-S€ 


_ENGINEERS 
 NOTEBOOK 


POWER 


id ndum 
w FBI m 


n 


W 
> tóns ol 


All sections have 


the front of 

y FBI presid 
1 organization 
several short c 


ictivities of the 


Laminated Plastics Multiple Take-up Clamp 
Simplifies Shroud Connections 


The collector ring of the Piasecki HUP-1 helicot 
is shrouded to insulate the structure fron } 
produced by the buried engine. Marman mul 
take-up clamps provide à simplified means í f coup- 
ling the titanium shroud sections together. À very 
slight modification of a standard clamp design Was 
employed. to accommodate this specialized applica- 
tion. Clips were spot- welded to the edge of the clamp, 


enabling it to apply a coupling action in addition 
the clamping action usually ass ciated with this typ¢ 
of clamp This clamp brings about significant savings 
in weight, cost and time of assembly and disassembly 
The patented T-Bolt latch assures à vibration-p! 
positive seal at all times 


Save Time, Weight, Money with Marman 


FOR INFORMATION AND LATEST CATALOG, WRITE DEPT. E-4 
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Tata 


STAR- KIMBLE 


BRAKEMOTORS 
\ are the best d----d* 


. motors for positive 
vs start-and-stop jobs 


CARRIAGE TRAVEL LIMITS HELD WITHIN .002" 


„with Star-Kimble Brakemotors on Rivett Precision Lathes 


o: throughout for exceptional accuracy in both 


toolroom and production work, the 1020S Precision 
Lathe’ built by Rivett Lathe & Grinder, Inc., Boston, Mass., 
provides for stopping the carriage travel by means of limit 
switches. These switches control the power supply to a Star- 
Kimble Brakemotor. 


Precision dial indicator shows the accuracy with which the 
Brakemotor stops the carriage at the predetermined point. 
According to the Chief Engineer of Rivett, the stop mechanism 
of the lathe has been operated an almost unlimited number of 
times. Accuracy of the stop has been within .002”, every time! 


In thread cutting, the fast, accurate stopping of the Brakemotor 
permits the thread to finish up at identical positions on piece 
after piece. 


Wherever applications call for accurate, positive, split-second 
stops—and particularly for repeated starts-and-stops in the 
toughest of duty cycles—Star-Kimble Brakemotors have proved 
their ability to run for years with little or no attention. 








Get the full facts— write for free Bulletin B-501-A 


-KIMBLE 


MOTOR DIVISION OF 
EHLE PRINTING PRESS AND MFG. CO. 


11 Bloomfield Avenue Bloomfield, New Jersey 
304 





New Books contin 


industry are O^ C | wi N 
details wh | arc special to th 
vidual pro 

The properties of the different 
of laminates, the effects of filler 
terials and general rules for machit 
are included A large part of th 
I5 devoted to th« construct iona! í 
trical and industrial application 
laminated plastics 

Many graphs and figures are ; 
sented to illustrate specific points. | 
portant data on commercially avail 
products is tabulated in the apy 


T rigonomet ry, 
Plane and Spherical 


LLoYD L. Smit, Ph.D. Profe , 
Mathematics, Lehigh University Í 
bb. Ox9 m Published by the M 


Grau Hill Publishing ( , 300 MW 
i2nd St., New York 36.N. Y. $3 


A comprehensive treatment of pla 
and spherical trigonometry, this t 
is intended P! imarily [or use in « 
leges and technical schools, but « 
also be used for substantial cour 
in secondary schools. The aim is 
give a well-rounded course that 
teachable and accurate according 
modern methods. Attention is piv 
to both the numerical aspects of th 
subject and the analytical conside: 
tions. A variety and number of exe: 
CIses are also Ifi luded. 

Besides considering all basic facto: 
of trigonometry, one chapter is devot 


to complex numbers and one to loga 


rithms. Tables of logarithms, squar 
square roots and trigonometry fractio 
are also included 


Principles of 
Electrical Engineering 


GROVER C. BLALOCK, Professor i 
Electrical Engineering, Purdue Univer 
i Third Editi ». 605 bp. 6x9 
Published by McGraw-Hill Book ( 
Inc., 330 W. 42 S New York 3 
N. Y.. $6.50. 


his textbook is based upon the es 
perience of the author in the teachi: 
of non-electrical courses—the course 
in theory and application given sti 
dents whose major work is in civi 
chemical, or mechanical engineerin 
schools or ipeum It attempts t 
present fundamental principles in cor 

se form, with frequent references t 


n application. Examples, illus 


rating applications of principles, a 


ised freely and many of the chapter 


are followed | by a list of practice pro! 
lems, with data such as would be sí 


Propuct ENGINEERING — APRIL, 1952 





[he he 
Rotex 

ers of 
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hard 
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“The hioh standards set tor 


our product 


mel bv MEEMANTE castings 


The headline quoted above is a statement made by the 


Rotex Punch Company, Oakland, 


ers of a line of Quick Change 
Meehanite castings 
ture of these 


California, manufactur- 
Punch Presses (Fig. 1). 
are used exclusively in the manufae- 
presses and the manufacturer states further: 


"The reason for this choice is because of their higher 


tensile strength, 








American Broke Shoe Co. 


Atlas Foundry Co 

Bonner !ron Works . 

Barnett Foundry & Machine Co 
E. W. Bliss Co. 

Builders Iron Foundry 
Compton Foundry 

Continental Gin Co 

Crawford & Doherty Foundry Co. 
The Cooper-Bessemer Corp 
Empire Pattern & Foundry Co 
Farrel-Birmingham Co., Inc 


Florence Pipe Foundry & Machine Co 


Fulton Foundry & Machine Co., Inc 


Genero! Foundry & Manufacturing Co. 


Greenlee Foundry Co. . 


The Homilton- Foundry & Machine ‘©. 


MEEHANITE . 
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The American Laundry Machinery ‘Co 


a consistent absence of blow holes and 
hard wearing qualities. We also find that Meehanite 


Mahwoh, New Jersey 
Rochester, New York 

. Detroit, Michigan 

$t. Louis, Missouri 

Irvington, New Jersey 

Hastings, Mich. and Canton, O. 
Providence, Rhode Island 

. Compton, Calif 
Birmingham, Alabome 

. Portland, Oregon 

Mt Wisden, Ohio and Grove City, Po 
. Tulsa, Oklahoma 

Ansonia, Connecticut 

Florence, New Jersey 
Cleveland, Ohio 

Flint, Michigan 

. Chicago, Illinois 

Hamilton, Ohio 





castings are very readily machined.” 


) 


The fundamental components are shown in Fig. 2. 

This is another example of the maintenance of high 
quality standards through the specifica 
castings. 

If you have a casting problem involving the need foi 
something better, remember that 
Better Castings" 


“Meehanite Mi ills 





Take YOUR Casting Problem To A MEEHANITE FOUNDRY 


Hardinge Compony, Inc. és New York, New York 
Hardinge Manufacturing Co bh 3x «id York, Pennsylvania 
Johnstone Foundries, Inc. , Grove City, Pennsy!van 
Kenawhe Manufacturing Co. 
Lincoln Foundry Corp 


a 
Charleston, West Virginia 
los Angeles, California 

° 

o 


B NNNM. 2 à» a s € & & « Orillia, Ontor 
Otis Elevator Co., Ltd. . e 4 è Hamilton, Ontor 
The Henry Perkins Co.. ..... Bridgewater, Massachusetts 


Poh!mon Foundry Ce., Inc 
Rosedale Foundry & Machine Co 
Ross-Meehan Foundries . 


Buffalo, New York 
Pittsburgh, Pennsylvania 
Chattanooga, Tennessee 


Shenango-Penn Mold Co. . . . "r Dover, Ohio 
Sonlth Industries, Inc. à ndionapolis nd 
Stendord Foundry Co. . . Te Worcester, Mossochusetts 
The Steorns-Roger Menutecturing e. b cud di Denver, Colorado 
Traylor Engineering & Mfg. Co. Allentown, Pennsylvania 


Valley tron Works, Inc. hn Or ih $t. Pou!, 
Warren Foundry & Pipe Corporation 


Minnesota 
Ph llipsburg, New Jersey 


"This advertisement sponsored by foundries listed obove 


EW ROCHELLE, N 


tion of Meehanite 


and consult your Meehanite foundry. 
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NEW AIR OPERATED 


Hydraulic Power Unit 


For Oil or Water Service. Portable 
—Weighs only 45 Ibs. Utilizes Plant 
Air Supply to Provide Output Fluid 
Pressures to 30,000 PSI. 


Sprague Model S-440 Power Unit is 
simple to install. Requires only two 
connections — one to plant air supply 
line and the other to manifold,etc. from 
outlet fluid port of power unit for 


immediate operation 


The Sprague pump operates automatically 
on the principle of differential areas. It can 
be furnished in six models with ratios of 
from 35:1 to 300:1 making possible an output 
range from 3,500 to 30,000 PSI. Measures 12"x 
12" x24" complete 


Model S-440 is broadly applicable for a 
wide variety of uses where low volume o 
put at high pressure is the requirement, such 
as hydrostatic testing. Uses either oil or water 
as the testing medium. Write today for ci - 
plete information 


Sprague manufactures a wide variety of serv 
4 





ice and test nent including Hydraulic 
Component and np Test Stands, Fuel Flow 
and Fuel Pump Test Stands, Pressurized 
Cabin Leakage Testers, Aircraft Heating and 


Ventilating Test Units, High Pressure Hose 
Testers, Gas Cylinder Bottle Testers and other 
equipment 





3 PSI. ar g 
à 5000 PSI 
1] syster v. 
aluable ar 
e opening à 
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SPRAGUE GAUGE SAVER 


pressures—50( 100 


ag 


10 Masonite 
9 Bleed off 
Pressure 


Sprague 
Air Shut 


~NoO a UON @ 





DESCRIPTION 


Air Lubr 
Air Gauge 
Air Regulator 
Air Filter 


AVAILABLE SEPARATELY 
= j Sprague Model $-216C Air Operated 


Base !2"x12"x24" 
Valve 
Gauge 


Air Muffler 


S-216C Pump 
off Valve 
icator 


lations. Measures 84," wide 
¢ HS 954" deep. Simple, relioble, inex 


pensive. Thousands in use 


gauge from system when hydraulic 


€ ey j its perati 

ressure is again withi 
Ww ressures—30 

ie Gauge Shut Offs 


They eliminate the ne 


A 


SHUT OFF VALVE 


ng limit. Auto- 
n operating range 
60, 100, 200 and 
2000, 2500, 3000 


nstalled in a hy 
pie gauges I ari 


1s ranges, save 
essity of the op- 
shut off valves 
constructic 


for bullet 











Hydraulic Boost Pump is available 
as a separate unit for custom instal 


INQUIRIES INVITED FROM QUALIFIED DISTRIB 


UTORS IN GREAT LAKES 


GARDENA 


: a 1144 WEST 
209 


REGION 


135TH STREET 
CALIFORNIA 


REPRESENTATIVES—New York, Philadelphia, Cleveland, Dayton, $t. Louis, Chicago, Logansport, 
Dallas, Seattle. CANADA-—Exclusive Distributors: Rousseau Controls, Ltd., Montreal Airport, P.Q. 
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New Books continued 
cured under practical working co 
tions. It is assumed that the stud 
will have had the usual freshman 
sophomore courses in physics 





mathematics although these are not 









tirely essential to an understanding iiti 
the subject matter presented aph 

In the third edition the author lin 
endeavored to amplify and moder: ere! 
the text without altering its gen ath 
plan. All material has been caret iple 
reviewed and additional material The 
been inserted at many points. I] ntrod 
trations have been brought up to d onve 





and an attempt has been made to | 





nomenclature and graphical sym 
into line with current standards. M 




















of the practice problems have lx — 
tered by the substitution of new iati 
Or improved às to statement, and i ranst 
entirely new problems have velop 
added resei 
The magnetism and electromagn cor 
ism chapter has been combined wi 
the chapter on magnetic circuits, 
additional material on growth Proc 
decay of current in inductive circu 
added to the chapter on electroma HEN! 
netic induction. A new chapter, D Mun 
electric Fields and Circuits, has be parin 
added, with a view to giving the st Mar 
dent a better foundation for the stud Dep: 
and unde rstanding of electronics equi] : 2 
ment and circuits. For the same rea Publ 





son the superposition, reciprocal, at 
Thevenin theorems have been adde 
in a later chapter and the treatm 
of networks, both direct-current ar 






























an. 
alternating-current, considerably ind 
panded. Suitable problems, in | mod 
with the text additions, have b n i 
added. nen 
The chapter on electronics has | luct 
enlarged and amplified both as to t! It 
ory and practical application. Dis ties 
sion of the mercury-pool type of r ing 
tifier has been transferred to tl surv 
chapter, with the application of el ind 
tronic control devices added. Appl duct 
cation of electronic devices in indust: ficat 
has been giv | parti lar attentio sele 
ry, 

ind 

Industrial Heat Transfer of 
l € 

F. W. HUTCHINSON, Professor of M Ise 
hanical E) eering, Univer on 
California, 336 bb, 6x 9 in. Publ: rel: 
by The Industrial Press, 148 Lafaye TT 
a INLT LIS N. FoS par 
To simplify the solution of problet 
on heat transfer between industr ain 
fluids, Professor Hutchinson has " 
duced the complex formulas and tin = 
consuming work on density, specifi es 
and viscosity down to 128 workir -—- 
charts. From these charts can be o! ae 
tained a direct solution of hea "v 
transfer problems for 70 industri 2: 
IC 





w Books i continued 


I5 rangit rom air and 4 etylene 
sulfur d 
phs are as accurate as the equat 

ym which they are derived. As an 


Iditional aid, the 


ioxide é | water These 
wns 
pase bd d: 
ation for th 


»Osite 


tl 
hc equ 


aph gives | 
limitations, its extension 
to the discussion 

ation in the text. An actui 

iple is given, and its solution shown 

[he six chapters in the book are 
ntroduction, Conduction, Radiation, 
onvection, Combined Heat Transfer 
nd Forced Convection 

Each chapter consists of three parts 
At the beginning the fundamental 
heory is discussed, and the equations 
elating to the evaluation of heat 
ransfer coefficients and rates are dé 
veloped At the end of 

resented the graphs re 


heories and equations 
| 


Production of Motor Vehicles 


HENRY M. CUNNINGHAM. member of 
Munitions Board of the Defense De 
bartment and WiLLIAM F. SHERMAN 
Manag f Engineering and Tech 


A lation. 169 page X 
Published by McGraw-Hill Boo 
New Y 


Inc., 330 W. 42nd St., 
N. Y. $3.50. 

This book studi 
management steps 
ind to bring into production 
or truck Here 1s 
in outline of the over-all manage- 
ment "know-how" needed to meet pro- 
luction problems quickly 

It describes the preliminary activi 
ties of sales, engineering, and purchas 
ing department; discusses the initial 
survey to determine plant, equipment 
ind manpower requirements; the pro 
duction of detailed drawings and speci 
fications, designing and making tools 
selection and procurement of machin 
ery, etc.; and final cost determination 


model automobile 


ind scheduling of actual manufacture 
of new models. The book also gives 
| concise analysis of the methods 
used in quantity, quality, and 
ontrol. A final chapter covers 
relationship of dealer orders to s 
iling, and the role of the trafh 
partment in re 

About 500 « 


graphs have been integrated with the 


rawings | photo 


p] 
text to illustrate ypic: office forms 
ind drafting procedure used in auto 

plants ind tl photographs 
show how some of the engineering 
work is actually done. Near the cen- 
ter of the book is a two page spread 
that graphically traces the motor vehi- 
le assembly line from start to finish 
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OrthoSil is Thomas & 
Skinner's new 4 mil or- 
thographic iron-silicon 
laminations for high fre- 
quency inductors. The 
laminations have exceptionally high 
permeabilities from very low to 
very high inductions with corre- 
spondingly low core losses. OrthoSil 
is oriented to provide directional 


magnetic characteristics, 


Developed primarily for frequen- 
cies of 400 to 2000 cycles, these thin 
laminations are also adaptable to 
the audio ranges. 


Thomas and Skinner is producing 


OrthoSil laminations in standard 4 
well as in special shapes. Our UI and 
EE series are designed especially 

the OrthoSil, and are excellent 
100 cycle applications, These silicon 
steel laminations will frequently re- 


place scarce nicke? materials, 


Transformers, such as power and 
3 phase, chokes, saturable reactors 
and filters are but a few of the many 
electrical components f 


OrthoSil is designed 


Write today for bulletin 
electrical characteristics at 
pertinent data on OrthoSil ori 


laminations. 


Specialists in Magnetic Materials— Permanent Magnets and Laminated Cores 


THOMAS & SKINNER Steel Products Company 
1120! East 23rd Street - Indianapolis, Indiana 
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NEW AIR OPERATED 


Hydraulic Power Uni 





For Oil or Water Service. Portable 
—Weighs only 45 Ibs. Utilizes Plant 
Air Supply to Provide Output Fluid 
Pressures to 30,000 PSI. 


Sprague Model S-440 Power Unit is 
simple to install. Requires only two 
connections — one to plant air supply 
line and the other to manifold,etc. from 
outlet fluid port of power unit for 
immediate operation 


The Sprague pump operates automatically 
on the principle of differential areas. It can 
be furnished in six models with ratios of 
from 35:1 to 300:1 making possible an output 
range from 3,500 to 30,000 PSI. Measures 12"x 
12"x24" complete 


Model S-440 is broadly applicable for a 
wide variety of uses where low volume out- 
put at high pressure is the requirement, such 
as hydrostatic testing. Uses either oil or water 
as the testing medium. Write today for com- 
plete information 


Sprague manufact 






a wide variety of serv- 
ice and test eq nt including Hydraulic 
Component and P p Test Stands, Fuel Flow 
and Fuel Pump Test Stands, Pressurized 
Cabin Leakage Testers, Aircraft Heating and 
Ventilating Test Units, High Pressure Hose 
Testers, Gas Cylinder Bottle Testers and other 


equipment 


SPRAGUE GAUGE SAVER 


aluable man hours. 


SPRAGUE 
Lid Lei M s Z9 





REPRESENTATIVES—New York, Philadelphia, Clevelan 
Dallas, Seattle. CANADA —Exclusive Distributors: Rou 
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Automatically cuts out g 
pneumatic pressure goes 
matically opens when pre 
of gauge. Available for 
300 PSI. and high pressi 
ind 5000 PSI. Sprague 
lraulic system with mul 


erator opening and closin 
r the various gauges in 
lividually tested and app: 
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tions. It is assumed that the stud 
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sophomore courses in physics 
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tirely essential to an understanding 
the subject matter presented 

In the third edition the author 
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plan. All material has been caref 
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trations have been brought up to d 
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Is ranging from air and acetylene 
sulfur dioxide and water. These 
iphs are as accurate as the eq rations 
om which they are derived. As an 
{ditional aid, the 


zage Opposite each 


pag 
aph gives the equati 
limitations, its extension, and th« 
ferences to the discussion of that 
uation in the text. An actual ex 
iple is given, and its solution shown 
The six chapters in the book are 
f 

ntroduction, Conduction, Radiation, 
Convection, Combined Heat Transfer 
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laminations will frequently re- 
scarce nicke? materials. 
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t Magnets and Laminated Cores 


teel Products Company 
* Indianapolis, Indiana 


LINNA 
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You save with the new SPIN-LOCK Screw, because you 
speed assembly and cut costs...thanks to its unique 
one-piece construction featuring ratchet-like teeth under 
the head that lock into the surface when assembled. 

Your workers do more fastening per hour...no washer 
to add, driving in hard-to-reach spots is quicker, easier. 
SPIN-LOCK holds tighter than conventional fasteners 
under vibration. You cut purchasing and inventory costs 
. . . just one requisition to fill, one part to stock. You cut 
costly accidents...there are no projections to catch 
fingers or clothes. 

Hex, pan, truss, flat heads. Write to us or any of the 
companies below for complete data on types and speci- 
fications. 

Teeth of SPIN-LOCK 
Screw touch bearing 


surface before final 
tightening 


Final tightening 
embeds teeth in 
surface, ossuring 
positive locking. 


wbo 


U. S. Pot. No. 2,253,241 


The "8 Tighter, Stronger, Surer Fastener! 


UNITED STATES Central Screw Co 
Buffalo Bolt Co Chicago 9, | 

Div. of Buffalo-Eclipse Corp Keene, N. H 
North Tonawanda, N. Y 
Camcar Screw & Mfg. Corp 
Rockford, III 

National Lock Company 
Rockford, II! 


Continental Screw Company 
New Bedford, Mass 


Great Lakes Screw Corp 
Chicago 27, III 


RUSSELL, BURDSALL & WARD BOLT AND NUT CO., Licensor 
Port Chester, N. Y. — Rock Falls, Ill. — Los Angeles 33, Calif. 


The Lamson & Sessions Co CANADA 


Cleveland 2, Ohio P. L. Robertson Mfg. Co., Ltd 
Birmingham 1, Ala. Milton, Ontario, CANADA 


Chicago 4, Ill. 
The Steel Company of Canada, Ltd. 
Hamilton, Ontario, CANADA 


The Stowell Screw Co., Ltd. 
Longueuil, Quebec, CANADA 


Scovill Manufacturing Co 
Waterville Division 
Waterville 48, Conn 
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